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ENERGY STORAGE AND LOAD FACTOR 


LECTRICITY has tremendous advantages over 

other forms of energy. It can be transmitted over 

great distances and distributed with little loss, 

and it can also be utilized efficiently in many 
diverse ways to provide motive power, light and heat. 
It has, however, one serious disadvantage; it cannot be 
stored in large quantities. 

Public supplies used to be given by direct current from 
a central station with a standby battery which could 
carry the whole load for a short time, but this became 
hopelessly uneconomic as large alternating-current 
supplies developed. It follows that electricity must be 
generated on demand. When a consumer switches on a 
[kW radiator, the system frequency drops slightly, more 
steam is let into the turbines to correct the speed, and 
immediate action is taken to burn an extra pound of coal 
per hour in certain power stations. 

The load factor on the supply system is therefore a 
direct reflection of the habits and demands of the con- 
sumer. There is much ill-informed criticism about the 
‘pad’ load factor in this country—‘it is higher in the 
United States, we ought to improve it, etc.’ In fact, our 
load factor is merely a measure of the instant service 
given to the consumers. Plant of the value of £100 or so 
is kept in immediate readiness for anyone anywhere who 
wishes to switch on a kilowatt at any time. 

It is easy enough to improve the load factor—you just 
keep the customers waiting; that is, you shed load on 
peak. When the coal merchant does not answer his tele- 
phone in winter, he is just improving his load factor! 
The electricity-supply load factor could also be increased 
by making people work all night and take their holidays 
in January. But most of us would rather pay a little more 
and have electricity when we want it. 

It should also be remembered that plant is overhauled 
annually; and there is a limit, perhaps about 80%, 


beyond which it would not be practicable to increase the 
load factor.. Nevertheless, it is clear that some improve- 
ment in load factor is desirable and that this will be of 
increasing economic importance as_high-capital-cost 
nuclear power stations come into operation. 

How can the load factor be increased without inflict- 
ing serious inconvenience on the consumers? 

In general, increased utilization of electricity and a 
greater diversity of application are helpful. Railway 
electrification and the use of electricity in agriculture are 
examples of this. Domestic electrification is particularly 
useful in improving the load factor by filling the valleys 
in the industrial-load curve. The television load, for 
instance, is an off-peak load; and its effect is to be 
measured not only by the millions of receivers, each 
taking 200 watts, which may be in use simultaneously 
but also by the number of I1kW radiators and other 
appliances which may be switched on to provide comfort 
and other amenities for viewing. 

Energy storage would be advantageous, and the 
increased use of thermal storage in the form of electric 
floor-warming and block-type heaters is helping to 
increase the night load. Large-scale storage presents a 
difficult problem, however. Energy can be stored electro- 
chemically and regenerated using some form of fuel cell. 
For example, electrolysers could be used to produce 
hydrogen and oxygen during off-peak periods, and these 
gases could be made to react in a hydrogen—oxygen cell 
of the Bacon type to generate electricity at peak-load 
times. However, the over-all efficiency of the storage 
process is only about 35% with present-day techniques. 

The development of high-pressure electrolysers and 
more efficient fuel cells might increase the efficiency of 
the separate processes to, say, 70%; but the total 
efficiency would then be increased to only 50%, and such 
high losses would ruin the scheme financially. Moreover, 
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it would be necessary to rectify the alternating-current 
supply to the electrolysers and to invert the direct-current 
output from the fuel cells. There are also formidable 
difficulties to be overcome before fuel cells of large enough 
size could be built to operate reliably for long periods. 

Energy can be stored by compressing air in storage 
tanks or any suitable large reservoirs. It can also be 
stored in the form of kinetic energy; shunting loco- 
motives based on this principle have been made for use 
in non-electrified marshalling yards, but large-scale 
application seems unlikely. 

Storage in the form of potential energy by pumping 


Pumped storage at Loch Awe 


Bf first large-scale pumped-storage works in any of 
the Scottish hydro-electric schemes will form part 
of the new constructional scheme in Loch Awe district. 
This latest scheme of the North of Scotland Hydro- 
Electric Board was laid before Parliament on the 
24th March 1959, having been confirmed by the Secretary 
of State for Scotland. The catchment area covers 
324 sq. miles, and the scheme will utilize the waters of 
Loch Nant and Loch Awe, the waters of the River Nant, 
the River Awe and their tributaries, and the head waters 
of the Rivers Liever, Noe and Euchar. 

It is planned to build one barrage, two dams, 13 aque- 
ducts or lines of pipes, and three generating stations 
with a total installed capacity of some 450MW. The 
estimated cost is £24 500000. 

The scheme is designed to meet the growing load in the 
North of Scotland District and, in addition, to provide 
from its pumped-storage section peak-load supplies of 
electricity, which will be required in the South of Scot- 
land, more cheaply than could be provided by a new 
steam station which would be the alternative. 

The scheme comprises three interdependent sections— 
Nant, Cruachan and Inverawe, each contributing its 
quota towards the production and essential storage of 
the composite scheme. The Cruachan section has been 
prepared after consultation with the South of Scotland 
Electricity Board and will include the first large-scale 





water to a higher level appears to be the only practicable 
possibility at present. The over-all efficiency of pumped 
storage is high (about 70%), and the combined genera- 
tor/motor-turbine/pump machine provides a very flexible 
and elegant solution to many supply-system problems, 
Pumped storage is, however, limited by the availability of 
suitable sites which can be developed at reasonable cost. 

Possibly, when we learn more about the control of 
electrons in solid materials or about the behaviour of 
high-temperature plasmas, new and efficient methods of 
electricity storage based on physical principles may 
emerge. 


pumped-storage works in Scotland. The pumped- 
storage section is designed to use surplus energy from 
power stations in the South of Scotland at off-peak 
times to pump water to a high-level reservoir, so that 
supplies of electricity can be produced when needed to 
meet peak-load demands. 

The level of Loch Nant will be raised by a dam at its 
outlet, and water from the loch will be led by tunnel 
and pipelines to feed an 18 MW generating station on 
the shore of Loch Awe, near Inverinan. 

A combined pumping and generating station built 
underground near the shore of Loch Awe will pump 
water from Loch Awe to a reservoir to be formed ina 
corrie of Ben Cruachan at about 1300ft. The catchment 
area of this reservoir will be extended by aqueducts 
collecting water from the head waters of the Rivers 
Liever and Noe. Water will be drawn from the reservoir 
to operate the generating plant in the underground 
power station, which, to serve the two purposes of 
conventional and pumped-storage operation, will have 
an installed capacity of about 400 MW. 

The level of Loch Awe will be regulated by a low 
barrage on the River Awe and will be kept within its 
present range of fluctuation. From the barrage, water 
will be taken through a tunnel to a 30MW power 
station near Inverawe, just within the mouth of the 
river. 


Investigating coal-fired power-station sites 


HE Central Electricity Generating Board propose 
to investigate five areas in the East Midlands to 
ascertain their suitability as sites for coal-fired power 
stations. They are at Ratcliffe-on-Soar, Holme Pierre- 
pont, Market Warsop, Cottam and West Burton. 
Ground surveys and trial borings will be made, and 
it is expected that the investigation will take several 
months to complete. 
Coal-fired power stations already working or planned 
near the East Midlands coalfield include Drakelow A, B, 
and C stations (ultimate capacity 2220 MW), Willington 
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A and B stations (300MW), Castle Donington (600 
MW), Staythorpe A and B stations (720MW) and 
High Marnham (1000 MW). 

The purpose of a further station is to absorb future 
coal production close to the source and help to keep 
pace with the growing demand for electricity both 
locally and farther afield. Generating capacity will 
depend on the facilities offered by the sites to be 
examined and may well be 1000 MW, corresponding to 
an annual coal consumption of the order of three 
million tons. 
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..«» Appearance design in electrical engineering 


something to which our reaction is instinctive; 

indeed, we may be repelled or attracted by the 
appearance of an object without knowing why. If pressed 
for reasons, we may speak of fitness for purpose, pleasing 
proportions, satisfying balance, sound use of materials 
and the correct use of colour. It is proper to ask whether 
there are any permanent principles of aesthetics which 
can guide the designer and serve as a criterion for the 
buyer and user. 

There is no doubt that the formulation of general 
aesthetic principles has occupied the mind of man for a 
period incomparably longer than his interest in engi- 
neering science or technology, yet we have learned little 
except that fashions change and that subjective values 
are the source of perennial and inconclusive argument. 

Eddington commented on the cleavage between what 
he called metrical and non-metrical human studies, and 
there is no doubt that the scientist or engineer feels that 
many statements of aesthetic principles do not convey 
information in a way in which he can use it. Thus the 
statement that ‘the beauty of an object resides in the 
harmony of its parts’ may on analysis raise more 
questions of definition than it answers. 


T= quality which we term good appearance is 


The meaning of appearance design 


We must admit then that in our judgment of appearance 
design we shall be influenced by the fashions and stan- 
dards of our civilization and the community in which we 
live; these fashions and standards will in turn be influenced 
by the needs and economic pressures of our society. 

Thus, although the development of aircraft has made 
the word ‘streamline’ fashionable, even applied to such 
objects as the domestic iron, there is no doubt that the 
clean lines which we demand in modern equipment are 
fashionable because they do in fact fulfil needs in our 
society. The modern design engineer has at his command 
an enormous range of materials which give him the 
opportunity of arranging for one piece of equipment to 
satisfy many user demands by methods quite impractical 
a century ago. 

Thus, the electric iron can be given a streamlined, 
electroplated surface to move smoothly between the 
folds of delicate modern synthetic materials; because of 
the development of heat-insulation techniques the handle 
can be placed close to the ironing surface for good 
Weight distribution and balance; again, the fact that the 
iron is electrically heated means that potentially it is 
tasy to clean, and it is therefore worth while designing 
its lines with this in mind. 
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Many will recall Sir Gordon Russell’s lecture to The 
Institution on the 17th May 1956 (Journal, October 1956, 
p. 619) when he sketched his ideas of the broad principles 
of appearance design. It is acknowledged even by the 
experts that the subject is not easy to pronounce on, for it 
is self-evident that every single one of us can possess a 
valid opinion on appearance. 

The author of this article is bold enough to discuss the 
possible existence of abiding principles of appearance 
design and to define the aim of the modern industrial 
appearance designer. Applications to fusegear, control 
gear, motors and traction are considered and illustrated. 
The organization of appearance design in industry is 
briefly reviewed. Mr. Dunne is with the English Electric 
Co. Ltd. 


T. B. DUNNE 





‘Harmony of its parts’ 

We thus begin to see that our interest in simplicity of 
external design has logical as well as aesthetic origins. It 
is not merely that unlike the Victorians we cannot afford 
dust-collecting embellishments in these days of expen- 
sive or non-existent domestic help, nor merely that the 
beauty of the aircraft streamline has influenced our ideas. 

The truth is that in an age of great complexity of 
engineering design it is natural for the designer to take a 
pride in solving conflicting problems and reconciling a 
variety of requirements in as simple a way as possible in 
each piece of equipment. Some may say that simplicity 
is a fashion like other fashions, but we might maintain 
that in this process we are applying Occam’s razor to the 
solution of design problems. 

We may in fact attempt to define the function of 
the modern appearance designer by saying that he 
co-operates with the rest of the design staff in easing all 
the difficulties confronting the user. 

Ease of maintenance, control and access will all pose 
their special problems to the appearance designer: these 
must be solved in a way that is not merely efficient from 
an engineering point of view, but also in such a manner 
that the user can take pride in the equipment and its 
upkeep and can feel that he has been considered as a 
human being who has not only to employ the equipment 
but also, for many hours of the day at least, to live with it. 

Appearance design, therefore, is not perhaps the best 
description of the designer’s contribution, for this implies 
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that good appearance is a superficial addition to the 
design. In fact, the appearance designer must work 
closely with the design staff from the beginning to ensure 
that each piece of equipment possesses that true ‘harmony 
of its parts’ that brings satisfaction both to the user and 
to the arbiter of current taste. 


APPLICATIONS OF APPEARANCE DESIGN 

A neat solution of mechanical problems and the 
co-ordination of electrical circuits will result in a logical 
layout of controls. This applies particularly in the case 
of fusegear, control gear and switchgear design, where 
the orderly arrangement of switches, knobs, pushbuttons 
and levers not only improves the over-all appearance 
but is essential for ease in production, operation and 
maintenance. 

These components should also be given more agreeable 
forms for the hand and eye. With products such as 
electric motors, reinforcing ribs and their rigid forms 
can be used as interesting visual contrast with more 
flowing forms. 

Figs. 1-18 illustrate the increasing application of 
appearance design to electrical equipment and show 
how the requirements of the producer and the user can 
be met in a form which is satisfying in its use and in its 
appearance. These applications are discussed in more 
detail below. 


Fusegear 

An important factor which has brought about a 
change in industry’s attitude towards better-looking 
equipment is the progress in modern factory design, 
where much of the electrical plant was hitherto in marked 
contrast to the modern interiors. An example of this 
has been the unsightly electrical distribution equipment 
which has been manufactured in the past. The distribu- 
tion fuseboards, isolators and fuse-switches illustrated 
in Figs. 1-9 were developed with a view to improving 
the appearance and increasing the safety factor. 

Good layout, when comprised in the general appear- 
ance of equipment, is essential, and both were considered 
in the design of this range of distribution fuseboards. 
The boards were manufactured with an eye to pleasing 
design as well as technical performance and are in fact 
cheaper to produce than the older types. This is especially 
so in the case of the larger units, where new features can 
be introduced in such a way that the cost can be spread 
more evenly. At the same time several important technical 
improvements were introduced as a result of the opportu- 
nity provided by the change in exterior design. 

The shape and finish of electrical equipment such as 
fusegear can contribute a great deal to the appearance of 
a workshop, and for safety it should always be possible 
easily to identify the protective devices and controlling 
switches with the circuits they control. 

In the past the main channel or conduit had to be 
deflected from its normal path, at some expense, in 
order that the older and uglier equipment could be 


206 





Distribution fuseboards 





1 





2 


3 


1953 Sheet-steel construction is used in this flush- 


mounted board 





1953 A surface-mounted board 
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Fuse-switches 





4 1938 Metalclad isolator using air-break mechanism 




















hes The external operati 
perating handle allows the cover to be ee) : : 
opened when the switch is in the ‘off’ position only 7 1932 Metalclad combination fuse-switch unit 
i 
| 
i 
q 
; 
5 1953 This model was designed as an ‘off-load’ isolator 
Alush- It is used in connection with the maintenance of new 8 1953 A 300amp triple-pole air-break fuse-switch 
f eae boo a Pn ba = _ wth we a The unit has a stove enamel finish and a sheet-steel housing 
j 
= 
r 6 The 1953 isolator opened 
To render the isolator safe in the ‘off’ position, the copper 
i blades can be displaced by a cam when the internal cover . . . : 
. : pues enueants. This cover can then be closed and the 9 The fuse-switch in Fig. 8 is operated by a telescopic 
oor locked, the viewing window showing the position of hi j ing- 
é the isolator. The door sprung so that it must be fully handle which can be reached by pressing the spring 
‘ opened or fully closed loaded flap 
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installed out of sight. With modern designs the equip- 
ment can be placed in the most convenient position for 
maintenance and service without spoiling the interior 
design scheme of any type of public building or lighter 
industrial factory. 

Thus, the new equipment makes an appeal not only 
to electrical engineers but to other executives who are 
concerned with such matters as improving factory 
conditions and appearance in order to attract suitable 
recruits to industry. 


Electric motors 

The small electric motor in Fig. 11 has been developed 
from the older type in Fig. 10, and advantage has been 
taken of the increased permitted temperature to obtain a 
greater output from a smaller frame size. 

On the motor in Fig. 10 both endplates were held in 
the centre by the chucks during machining, but pro- 
duction considerations showed that a new position was 
required. In order to locate the endplates, a ring with 
four ribs set 90° apart was at first suggested; but it was 
found that this method detracted from the general 
appearance of the machine besides using more material 
and adding weight; the ribs were therefore reduced to 
three and altered in shape. 

Automatic lathes are normally equipped with jaws 
equally spaced 120° apart, and although the chucking 
lugs would have been more satisfactory in this position, 
the end-fixing bolts would have been out of line. In 
order to make the over-all appearance of the endplates 
more uniform, the lugs and ribs were fixed at 45° from 
the centre, and location was made possible by the use of 
offset jaws. 

On the earlier range of machines both endplates were 
attached to the frame by a three-bolt fixing. This method 
limited the endplate to three positions, whereas a four- 
bolt fixing enables the endplate to be placed in four 
positions, so that the ventilation opening can suit 
different mountings. 

The terminal box and facing, having equal sides, 
enable the box to be fixed in four positions. The terminal 
box and lid, being shell moulded, have a more satis- 
factory finish than the former sand casting. The lid has 
been redesigned, and the previous indefinite form has 
been replaced by a more definite mitre. 

Apart from the reduction in total length, the terminal 
box and endplates were the only components which 
were redesigned. The principal changes in appearance of 
both endplates were: 


(1) The 60° angle at either side of the endplate was 
reduced to 15°, the latter being the minimum for drip- 
proof motors. This reduction did not alter or affect the 
area of the intake or outlet 

(2) The placing of the chucking bosses and ribs was 
altered. Generally the radii were reduced, and flat 
surfaces with changes of plane clearly defined replaced 
the former indefinite curves 

(3) The terminal-box lid and facing were redesigned. 


208 





10 An example of the earlier range of fan-cooled, 
drip-proof small electric motors 





11 1957 One of the new fan-cooled, drip-proof small electric ¥ 
motors 
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12 1957 A new medium-range electric motor 





Control gear 





13 Foot-operated controller for rolling mills 


The large foot-pedals are made of high-tensile cast iron. Removal 
of the sheet-steel cover gives immediate access to the switch ele- 
ments for inspection and maintenance 


led, 





| 14 Cage-winding gear lever and master switch: early design 
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1S Cage-winding gear lever and master switch replacing the 
| model in Fig, 14 

Removal of the end-covers gives immediate access to all parts. 

is an emergency stop button close to the control handle. 


The foot-operated switch is latched to the control lever. The 
apparatus has a stove-enamelled finish 
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Much the same principles of appearance design were 
used in designing the larger machine shown in Fig. 12. 
The larger terminal boxes used can also be fixed in four 
different positions for ease in operation. The endplates 
are, for mechanical reasons, different in shape, but the 
bosses and ribs have a relationship to the similar features 
on the machine in Fig. 11. The support ribs on the end- 
plates extend to the centre, half externally and half 
internally. 


Control gear 


The foot-operated controller in Fig. 13 is mounted in 
the ‘pulpit’ and is used for controlling the main and 
feed rolls for steel ingots. The operator sits directly 
above the controller, his feet resting on the pedals. The 
controller is operated continuously. As freedom from 
fatigue was important, a full-scale model was constructed 
to determine the most suitable form of pedal mechanism 
for the operator. 

A parallel motion proved to be the most satisfactory, 
in which the foot-plates are depressed by a combination 
of ankle, knee and leg rather than by merely pivoting the 
ankle joint. The foot-plates were made as large as 
possible, without being unsightly, so that the operator 
has freedom to move his feet. When locked, these foot- 
pedals are used by the operator as a step and were made 
of high-tensile cast iron to withstand the added stresses. 

Removal of the sheet-steel cover provides immediate 
reach to the switch elements for inspection and main- 
tenance. The small removable cover which gives access 
to the mechanical parts is of cast aluminium, and the base 
is of light alloy. 

It was not possible to cover the bosses for the founda- 
tion bolts in the front, but at the back they are hidden 
by the cover. The mountings for the cable glands are 
situated inside the base rather than outside, because the 
wires enter the controller almost immediately on top of 
the switch elements. 

The gear lever and master switch in Fig. 15 are used 
to operate cage winders in mines. They were designed to 
replace the previous model in Fig. 14 which, though 
basically similar, did not have the additional features 
which make the present model more easy to operate, 
safer, more compact and of an improved over-all 
appearance. 

The unit was also designed for ease of maintenance 
and of access to the internal mechanism. The whole of 
the mechanism is assembled around the central casting, 
and removal of the covers on either side puts all parts 
within immediate reach. The apparatus has a stove- 
enamelled finish—normally light grey, though this may 
vary. All other parts, such as nameplates and fixing 
screws, are chromium-plated. External parts of the 
mechanism are cadmium-plated, while internal ferrous 
components are treated by the Walterization process. 

An emergency stop button is incorporated close to 
the control handle, and an additional foot-operated 
switch is included, known as a ‘back-out’ switch. It is 
safeguarded in use by being latched to the control lever 
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to prevent inadvertent operation of the winder by 
unauthorized persons. 

On the previous model, the switch was coupled to the 
lever gear by means of links and pins but is now housed 
in one compact unit. It was necessary to provide a 
facility for fine adjustment on erection, between the 
control lever and the output member; this feature does 
not directly affect the appearance. 


Traction 


So far we have considered appearance design as 
applied to strictly ‘industrial’ applications of electrical 
engineering. The field of traction, however, is one in 
which the work of the engineer and the designer is 
constantly before the eyes of the general public, many 
of whom take a very critical interest in railways and 
their development. 

Few design problems are more rigorously bounded by 
practical considerations than those facing the appearance 
designer of railway locomotives. The loading gauge of 
the railway regulates the exact height and width permis- 
sible, and axle-loading and traffic requirements largely 
determine the limits of length. Moreover, the power and 
complexity of modern electric and Diesel-electric loco- 
motives call for the use of all available space within 
these limits; here especially the demand for clean lines 
has a logical justification. 

In the face of these difficulties, the appearance designer 
has nevertheless made a valuable contribution. For 
example, Fig. 16 shows a 1000h.p. Diesel-electric 
locomotive built in 1958 for the British Railways 
modernization plan. It is intended for use with mixed 
traffic, and controls in the cab are duplicated to allow 
it to be driven in either direction. 

The manufacturers consulted Prof. R. D. Russell of 
the Royal College of Art on the appearance. It may be 
claimed that a machine has been designed whose lines 
are functional but impressive. Access for maintenance 
is easy, and the arrangement of the external features 
conveys an impression of harmony and power without 
extraneous embellishment. 

Figs. 17 and 18 show two French locomotives; the 
first (CC6001) was built in 1946, and the more recent 
CC7100 in Fig. 18 came into service in 1951. In the 
later locomotive the undergear is encased, and use is 
made of flush-mounted panelling to give a smooth line 
which is emphasized by the circular side windows. 

The problems of appearance design are slightly 
different here because the models have dual cabs; this 
means that there is less restriction on the width as no 
sighting difficulties have to be overcome. 


THE PLACE OF THE APPEARANCE DESIGNER IN INDUSTRY 

Sir Gordon Russell, in his lecture to The Institution 
(Journal, 1956, p. 620), referred to a visit he made to the 
Tennessee Valley Authority’s project, where he was 
impressed by the very high standard of design in its 
power stations. ‘The Authority arranged for the engi- 
neer, the architect, the industrial designer, the landscape 
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Traction 


16 1958 1000h.p. mixed-traffic Diesel-electric locomotiy, T 
built for the British Railways modernization plan that 


17. 1946 French locomotive, type CC6001 


© mn 


18 1951 4800h.p. French locomotive, type CC7100 
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architect and the interior decorator to work in the same 
building. . . . The result was that the general layout, the 
colour, the tidiness and the planning of the surroundings 
of the whole of those great stations were very remarkable 
indeed.’ (Fig. 19.) 

In this country, many firms employ consultants in 
order to strengthen the appearance-design team, but 
although the consultant may make a very valuable 
contribution it is difficult for him to find time to concern 
himself with the day-to-day design problems of the firm. 

For this reason, it is perhaps desirable to have an 
appearance designer within each product group who is 
part of the design department. For effective collaboration 
between the appearance-design staff and the design staff, 
the latter should have at least a basic appreciation of 
appearance design. This can be achieved if the two 
staffs work together in close contact so that each 
appreciates problems affecting both. 

The internal instruction of apprentices would ensure 
that in time they should be able to tackle problems 
involved in the choice of detailing for routine production. 
In one electrical engineering organization, a course 
on appearance design is a recognized part of the 
apprentice-training scheme and takes up approximately 
one-third of the last three-month stage of their five-year 
apprenticeship. 

The candid comments of these apprentices do not 
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19 The interior of the Tennessee Valley Authority’s 
, — Dam power house, which is finished in coloured 
00 tiles 
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ignore their own organization’s products. Their observa- 
tions reveal not only a reasonable disregard of outmoded 
conventions but also a fair grasp of one of the essential 
problems of appearance design, namely the necessary 
relation between considerations of form and the problems 
of production. 


Summary 

It is difficult to lay down general aesthetic principles 
of appearance design without becoming involved in 
disputes about abstract concepts which are difficult to 
define in unarguable terms. 

But although ideas of what is good design may 
change, it is possible to discover the reasons for our 
present demands for clean lines in equipment. These 
reasons lead to a fuller understanding of the permanent 
aims of the appearance designer. 

The work of the appearance designer can have a 
far-reaching effect on the use and operation of electrical 
equipment. Thus costs can often be reduced by siting 
fusegear of good appearance quite prominently, without 
spoiling the design scheme of a building. 

The appearance designer’s contribution is greatest 
when he works as an integral part of a design team: he 
can then give as much consideration to problems of 
production when designing the appearance of electric 
motors as he devotes to the human needs of the operator 
when he is considering the appearance and accessibility of 
control equipment. 

The consultant can make an invaluable contribution, 
but the engineering-design staff should have a basic 
appreciation of appearance-design principles. There is 
something to be said for engineering apprentices being 
given a good grounding in the subject during their 
training. 





Nuclear research centre at Berkeley 


A £I MILLION research centre is to be established by the 
Central Electricity Generating Board near to Berkeley 
nuclear power station in Gloucestershire. It will consist 
of engineering, physics, metallurgy and chemistry 
laboratories. The research centre will be self-contained 
and administratively divorced from the power station, 
although architecturally the buildings will be in keeping 
with others on the site. 

One of the functions of the centre will be a constant 
appraisal of the state of materials used in the construction 
of reactors by detailed examination of monitor samples. 
Work will be carried out on materials subjected to 
irradiation. 

It is planned to design nucleonic instruments to assist 
in the work of the laboratories and in reactor operation. 
Extensive experimental studies will be involved in 
monitoring the behaviour of graphite and in investigating 
reactor physics during the commissioning period of 
reactors and thereafter. 
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An electrical engineering review 


AUXILIARY EQUIPMENT FOR 


The use of fluorescent lighting is now so widespread that 
a knowledge of the lamps, auxiliary equipment and circuits 
employed may be regarded equally as essential to the 
electrical engineer as that of the transformer or the motor. 
The right choice of equipment, its installation, its main- 
tenance and the service it gives must all depend on his 
knowledge. The author of this article is chief lighting 
engineer of the General Electric Co. Ltd. 


S. ANDERSON, B.SC.(ENG.), ASSOCIATE MEMBER 





principle of fluorescence, ‘fluorescent lighting’ has 

come to denote lighting by means of elongated 
tubular lamps which produce light through the fluores- 
cence of an internal phosphor coating. This occurs when 
the phosphor is excited by the ultraviolet radiation 
generated in the electric discharge through a low-pressure 
gas or metallic vapour. In Great Britain, by far the 
commonest of such lamps is one developed here, rated 
at 80 watts and nominally 5ft long and 14in. in diameter. 
Other ratings are made, ranging from 4 to 200 watts 
and from 6in. to more than 8ft in length. 

All these lamps normally use phosphors which produce 
more or less ‘white’ light and are filled with mercury 
vapour, together with an inert gas. A wide range of 
colours is obtainable, however, by varying the phosphor 
used, but lamps of a given size and rating have similar 
mercury-vapour filling and electrical characteristics. 

One other filling, neon, is used, but only to a limited 
extent. This is in a cold-cathode type of fluorescent tube 
which, without phosphor coating, produces the rich red 
light characteristic of neon and, with the aid of special 
phosphors, warm amber, gold and allied colours. The 
electrical characteristics of this type of lamp differ from 
those of a similar tube containing mercury vapour. 

The family of fluorescent lamps (see Table 1) may, for 
the purpose of considering the necessary auxiliaries, be 
divided into two broad classes: those with cathodes 
which are preheated for starting, ‘hot-cathode’ lamps; 
and those which are designed to start with their cathodes 
cold, ‘cold-cathode’ lamps. 

In this country, practically all tubes with filamentary 
cathodes coated with an electron-emitting material are 
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Arno there are other lamps which utilize the 


FLUORESCENT LIGHTING... 


designed to be preheated, while those intended to star 
cold are made with cylindrical metal electrodes. Cold. 
cathode tubes require a starting potential appreciably 
above 250 volts, while hot-cathode tubes up to 5ft in 
length do not require more than about 220 volts rms, 
continuously applied. 

Here space is available to deal only with hot-cathode 
tubes and their auxiliaries, which are used in far greater 
numbers than are the cold-cathode type. 


Prerequisites for stable operation 


Fluorescent tubes, in common with most electric. 
discharge devices, have a negative voltage/current 
characteristic and are not self-stabilizing if operated 
directly from a constant voltage supply of low impedance. 
If so connected, once the discharge is initiated the current 
increases very rapidly to a destructive value, and either 
the cathodes or the seals fail through overheating, and 
the lamp goes out. 

Thus, an essential auxiliary in each fluorescent-tube 
circuit is an impedance designed to limit the current to 
the appropriate value. With a.c. circuits this usually 
takes the form of a choke coil, but it may be a leakage- 
reactance transformer, a resistor such as a filament 
lamp, or even a capacitor where the supply is a high- 
frequency one. 

For adequate stability of operation in practical condi- 
tions, the ballasting impedance necessary is normally 
larger than that of the tube at rated operating current. 
The drop in potential across the ballast is therefore 
considerable, and, although with a reactive ballast this 
is only vectorially additive to the potential drop across 
the fluorescent tube, it does set a limit to the tube 
potential which can be stabilized adequately on normal 
low-voltage supplies. 

Thus, in Britain we have largely standardized on the 
5ft 80-watt tube, which, with its tube voltage of about 
102 volts* at a current of 0-87amp, was found to be the 
longest which could be started reliably and operated 
stably on 50c/s supplies down to 200 volts, using 4 
simple choke as ballast. 


Starting requirements and characteristics 


Although the normal arc current flowing in hot 
cathode lamps maintains the cathodes at an adequate 
temperature, reliable starting and best performance 


* Early Sft tubes had a somewhat higher tube voltage 
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The family of fluorescent tubes, indicating the principal types, ratings, sizes and features 


























Always instantaneous starting Always instantaneous starting 


* Denotes lamp types and ratings not available in Great Britain 


require that the cathodes be first brought up to a tem- 
perature at which they emit electrons. The cathode cur- 
rents during preheat may be of the same order as the 
normal operating current, but up to 1-5 times this current 
may be applied if any cathode-heating current remaining 
after the lamp has started is considerably less. A circuit 
providing these features is referred to as a compensated 
preheat circuit. 

The cathodes in the hot-cathode lamp have appreciable 
thermal inertia and at low preheat currents may take 
several seconds to reach starting temperature. With a 
system approximating to a constant-voltage preheat, 
however, since the cold resistance of the cathode is much 
less than its hot resistance, preheating occurs more 
rapidly. 

British hot-cathode lamps are all made with cathodes 
in Which minimum preheat current produces a potential 
drop of about 8 volts in each cathode, at which the 
cathode is at a visible red heat. When the preheat 
current is increased to a value corresponding to a cathode 
potential drop of rather more than 10 volts, a local arc 
is established between the ends of the cathode. Several 
satisfactory circuits are in use in which the preheat 
current is not high enough to produce these local arcs 
at the cathodes, but in other cases they do occur and 
starting tends to be accelerated. 
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~——Low wees i loading - —High current loading-— —_—+> 
COLD CATHODE COLD-START HOT CATHODE PREHEATED HOT CATHODE 
60-150mA 100-425mA 130mA—2amp 
Plain metal electrodes Coated filamentary electrodes Coated filamentary cathodes 
Plain metal anodes usual 
Single contact caps Single contact caps Double contact caps 
Tube diameter about 20mm Tube diameter 16-38 mm Tube diameter 16-54mm 
Tube length (straight tubes) up to Tube length 4’-8’ Tube length 6’-8’ 
about 86” (plus electrodes) Straight tubes only Straight od also circles up to 16” 
Also made shaped as required diameter (with four contact caps) 
| Mercury or neon filling usually Mercury filling Mercury filling 
Common ratings ‘Slimline’ * ‘Instant start’* ” ” ” ” 
At120mA, 68-70 W for 8’6” mercury 16, 25 or 38mm dia. | 38mm dia. é 3 | 7 
OI $$ S 
At mA, 60W for 8’6” neon tube 42” x 120-300mA 48” x 40W 6” x 4W | 18” x 15W | 15” x 14W | 60” x 90W* 
72” x 120-300mA 9” x 6W | 24” x 20W | 24” x 20W 
96” x 120-425mA 12” x 8W | 36” x 30W | 24” x 40W | 
| 60” x SOW | 36” x 30W | 
39” x 25W* 
48” x 40W | 
60” x 65 W*| 
60” x 80W 
96” «x 125W 


All made for switch-start operation. Some made with 
‘siliconized’ outer surface for switchless starting. Also 
made with internal or external conducting strip to aid 
switchless starting 


Switch-start circuits 

When hot-cathode fluorescent lamps were first intro- 
duced, only switch-start circuits were used. The two basic 
circuits are shown in Figs. la and 1b. These are self- 
explanatory except for the operation of the glow and 
thermal types of starter. 

When the preheating circuit is completed by the 
closing of the starter contacts, the current flowing in the 
cathodes is practically equal to that which would be 
passed by the choke if connected directly across the 
supply, and it is necessary to ensure that this current is 
not excessive for the cathodes and does not cause 
the choke temperature to rise above a safe limit 
should the starter contacts remain closed for a long 
period. 

The circuits are shown with these contacts in the 
de-energized position, and it will be noted that while 
those of Fig. la are open, in Fig. 1b they are closed. 
Thus, in the thermal-starter circuit (Fig. 1b) preheat 
current flows immediately the supply is connected and 
is interrupted by the heating of a bimetal strip, but in 
the glow-starter circuit (Fig. la) the supply potential 
initially exists across the starter electrodes, between 
which a glow discharge heats bimetal strips which close 
the preheating circuit after an interval of 2 or 3sec. In 
both cases, the opening of the starter contacts results in 
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a high-voltage surge from the choke, and this causes the 
lamp to start. 

Although both arrangements were widely used for- 
merly, the glow starter has proved more economical and 
reliable for general use. 
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1 Switch-start inductive circuits 
a Using a glow starter 
b Using a thermal starter 
The starter contacts are shown in the ‘cold’ condition 





The power factor of the simple choke-controlled circuit 
is usually about 0-5 (lagging), and a capacitor may be 
connected across the mains-input terminals to improve 
it. Correction to unity is not attainable because the wave- 
form of the load current is non-sinusoidal, owing to the 
nature of the discharge in the lamp, some non-linearity 
of choke characteristic, and the effect of harmonics in 
the supply on the current waveform of shunt capacitors. 

Maximum power factors in the region of 0:95-0-98 
are attainable with well designed equipment on reason- 
ably harmonic-free supplies, but for economic reasons 
a capacitance which gives a power factor between 0-85 
and 0-9 is usually accepted. 


Leading power factor 

Fig. 2 shows an alternative switch-start circuit giving 
a leading power factor, owing to the capacitive nature 
of the ballasting reactance. The capacitor is connected 
in series with a choke, and a suitable choice of values 
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for both components gives a lamp-current waveform 
which differs little from that of the inductive circuit. The 
components are chosen so that the capacitive reactance 
is roughly double the inductive reactance. The circyjt 
power factor is approximately 0-5 leading; thus when two | 5# 
circuits, one similar to Fig. la (but without the shupt [3 
capacitor) and one to Fig. 2, are supplied together, the } circ 
combined-load power factor is close to unity. | the 

Although the series-type capacitor is usually of smaller | acre 
capacitance than the shunt type for a similar lamp, jt 
must withstand a much higher voltage. However, with 
the capacitor connected between the live terminal and 3 
the choke, no point in the circuit is at a potential to 
earth in excess of 250 volts. 

A characteristic of the capacitive circuit is that it passes 
a more nearly constant current in varying lamp- or 
supply-voltage conditions. It is therefore useful where 
the margin between tube-arc voltage and supply voltage 
is smaller than normal, for example where fluorescent 
lamps are required to start and operate at sub-zero tem. 
peratures, since in such conditions the initial tube voltag 
is appreciably elevated until the lamp has warmed up, 

The capacitive circuit may also be used for the direct 
operation of an 8ft 125-watt lamp with supplies of 230 
volts or more. This lamp cannot be operated in circuit | 
with a choke alone with a supply of less than about | } 
300 volts. 

Common hot-cathode fluorescent tubes 3ft, 4ft and 
5ft in length all have arc voltages of the order of 10 
volts and are therefore suitable for direct single opera- 
tion with 200/250-volt supplies. Shorter tubes, of 2ft or 
less, have arc voltages of about 60 volts or less; and, The 
while they can be operated in single-tube circuits such volta 
as that shown in Fig. 1b, they may more economically ola 
be operated two in series from 200/250-volt supplies, and jon 
a typical switch-start circuit is shown in Fig. 3. Th 

Alternatively, single short tubes may be operated from | 
100/130-volt supplies using the circuits shown in Fig. |. 
In some conditions, a short tube is liable to start with its 
cathodes still cold on a supply of 200 volts or more, and 
it is therefore usual for such circuits to employ th} portic 
thermal type of starter (Fig. 1b), since in this case th capac 
tube is prevented from starting immediately the supply we 
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| Starterless preheated circuits 


shunt | The oldest, and still the most common, starterless 
r, the | gircuit for hot-cathode tubes is shown in Fig. 4. Before 
| the tube starts, practically the full supply voltage appears 


naller | across the primary of the filament-heating transformer. 
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about | 3 Switch-start inductive circuit for two short tubes con- 

nected in series, using thermal starters 

ft and Alternatively a circuit of this type may include a double glow 

of 10 : starter 

opera: | 

2 ft or _ 

ss wa | The two similar secondaries are designed to produce 

Ss suc voltages sufficient to give rapid cathode heating, but the 

micall tube may not start in the absence of a starting aid unless 

es, and the voltage between the electrodes is abnormally high. 

4 fron | The most reliable starting aid is a conducting stripe 

Fig | applied or secured to the outer surface of the tube 

with its § throughout its length (shown dotted in Fig. 4). The stripe 
48 connected to earth, so that a steep potential gradient 

%: r" _ is established between the live cathode and the nearest 

oy te| portion of the starting stripe, and a small but significant 

ase ™ F capacitive current flows. 

supply 


: Another common aid utilizes the adjacent metalwork 
of the lighting fitting as the earthed conductor, in con- 
junction with a lamp whose outer surface carries a 
moisture-repellent layer. The latter avoids the deteriora- 
tion in starting reliability which otherwise occurs with 
unstriped tubes in high atmospheric humidity. 
From Fig. 4 it will be seen that the cathode-heater 
windings are subtractively connected, and this polarity 
) usually adopted for 4ft and 5ft tubes on 230/250-volt 
supplies. For supply voltages between 200 and 220 volts, 
one or both of the secondaries may be additively con- 
) Xected, thus providing up to about 20 volts more across 
: the lamp for starting than exists across the transformer 
| Primary. Even this small additional potential gives a 
Valuable improvement in starting reliability at these lower 
supply voltages. 
Once the main discharge in the tube is established, the 
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is switched on by the normally closed contacts of the 





potential across the transformer falls to the voltage of 
the tube, and the cathode-heating current is much 
reduced. This circuit is thus a compensated one, as 
defined earlier. 

Fig. 5 illustrates an alternative uncompensated cathode- 
heating circuit, with the primary of the transformer con- 
nected directly across the supply. This arrangement is 
used where a capacitive ballast (as shown) is required 
and also to permit the use of a single transformer to serve 
two or more fluorescent tubes. 

Since, in the uncompensated circuit, there is little 
reduction when the tube has started, the transformer 
must be designed to give a minimum cathode-heating 
current. The preheating and starting times are therefore 
somewhat increased. 


Series preheated switchless circuits 


A circuit which has recently received attention owing 
to its economy employs a current transformer to provide 
preheat current for one cathode, while the other is 
supplied directly through the power-factor-correction 
capacitor. This is illustrated in Fig. 6. 
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Compensated starterless circuit for a hot-cathode tube 


The cathode-heating transformer is shown subtractively con- 
nected. For 200/220-volt supplies, one or both secondaries may 
be additively connected to improve starting 
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Uncompensated starterless circuit for a hot-cathode tube 


This circuit is shown with a capacitive-type ballast, but it may 
alternatively be used with an inductive-type ballast or (with 
additional secondaries) for two or more tubes 
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The transformer is designed to produce in its secondary 
circuit a cathode-heating current similar to that flowing 
in the primary winding, the capacitor and the other 
cathode. Starting in this circuit is a second or more 
slower than in a compensated voltage-fed one. This has 
not proved to be any real disadvantage, and the gradual 
start seems to have a favourable influence on tube life. 
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6 Series preheating starterless circuit 


With the capacitor connected to the junction between the choke 
and transformer no initial pulse is given, but when connected as 
shown in dotted lines a pulse is generated at the instant of switching 


The value of the capacitor in this circuit governs both 
the preheating current and the corrected power factor. 
To achieve a suitable current, the capacitance is some- 
what larger than that normally provided for correction, 
and a power factor exceeding 0-95 is realized. 


Reliability of starting in switchless circuits 

It has already been indicated that reliable starting with 
the starterless circuits so far described is obtainable only 
with lamps having an earthed stripe or an earthed metal 
surface close to the lamp. This is effective only if one 
pole of the supply is earthed. For a 200/250-volt supply 
between phases with star point earthed, and for a mid- 
point-earthed single-phase supply such as is sometimes 
encountered in ships, starting is not so reliable and is 
slower. 

Many circuits have been devised for giving improved 
starting reliability with such supplies or where it is 
inconvenient to earth the tube or adjacent metal. Only 
two basic methods are employed with standard British 
fluorescent lamps in these circuits. One is the establish- 
ment of an artificial earth by connecting the starting 
stripe or an adjacent conductor to one pole of the supply 
through a high impedance, such as a capacitor of about 
0-01 F or a capacitor and resistor in series. This can 
be quite reliable and need not introduce any risk of 
shock if the starting conductor is suitably insulated. 

The other basic method involves the application across 
the tube of a voltage sufficient to ensure starting without 
any aid when the cathodes are adequately heated. It is 
not possible to establish with certainty the minimum 
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voltage which will always cause a given lamp to Start, | 
so the tendency is for such types of switchless-start gear | 00! 
to provide a voltage sufficient to give a considerable | To 
margin above that normally necessary. Too high q | 10 
voltage will tend to give premature starting, which affects | fer 


the life of the tube adversely. in 
gap 

Brief voltage pulse L 
nes: 


One satisfactory system involving the application of con 
a high voltage for starting produces only a brief Voltage | and 
pulse across the lamp at the instant of switching on the of ( 
supply. A simple example of this method is given jp clos 
Fig. 6 with the capacitor connected as shown dotted. | cho! 
The initial capacitor-charging current flows through a} wit 
small proportion of the choke winding, which acts as 
the primary of a pulse transformer. A high-voltage surge, | (po, 
which may be more than 1 kV, is thus induced across the F 
lamp and is normally sufficient to break down the initial | 








resistance of the lamp. This renders it more easily started pty 
as soon as the cathodes are hot with little more than the pick 
supply voltage continuously applied. wor 

Occasionally a lamp on such a circuit receives no pe 
starting surge, owing to the supply being connected at . 
an instant of low or zero voltage. The remedy for this | P Ss 


is to reswitch. Well designed circuits of this type have} 5¢. 
no adverse influence on the life of the lamp, for in them | 80-w. 
the pulse does not result in the tube cold-starting bu | a re 
merely provides ionization sufficient to ensure starting small 
when the cathodes are heated. It also tends to reduce 
the interval between switching-on and starting. oii 
Because of the expendable nature of starters and th) 4. 
characteristics of switch starting and the relatively litte! pee 
extra initial cost of switchless-start auxiliaries, the popv- Ps 
larity of switch-start circuits is decreasing in favour off pa 
starterless equipment. This is particularly apparen) 
among large users, who value the reduced maintenane| Open, 


econ 


requirements of starterless circuits. choke 
, Alt 
Choke characteristics | lightin 


In the switch-start circuit the choke has a dual rok| and él 
It must have a suitable impedance to limit the lamp) Sttucti 
operating current to the correct value, and at this curren Protec 
its characteristic must be sufficiently linear to produce? 0 th 
acceptable lamp-current waveform. It is also required) °Wing 
to pass a suitably increased current when the start’ vibrati 
contacts are closed to give rapid, but not destructiv,| stabilit 
cathode preheating. A preheating current about 50'y "air: 
greater than the running current is normal in the circu) ™ fave 
of Figs. 1 and 3. » Inadd 

Since starter contacts may ‘weld up’ occasionally, tk) § used 
choke should be able to withstand the preheat curtttl gradien 
continuously without attaining a temperature above th How 
safe limit, and the normal operating current should nj When s 
result in a temperature rise exceeding 60°C (BS. 2818) “onom 
This corresponds to a total winding temperature of aboiy enclose 
90°-95°C for chokes housed in representative lightit that the 
fittings, giving a life expectation of 15 years or more it) Mques | 
a well made choke using class-A insulation. } *qually 
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Most good commercial designs of choke employ a 

conventional laminated core and interleaved windings. 
To minimize leakage field, which may give rise both to 
noise and to a change in characteristics if used near other 
ferrous metal, shell constructions normally have a gap 
in the centre limb only, while core-type chokes have 
gaps in the middle of each coil. 
" The characteristic of the choke, and hence the correct- 
ness of the current at which it operates the lamp, is 
controlled in manufacture usually by gap adjustment, 
and a gap-setting adjustment to something of the order 
of 0-001lin. may be necessary to keep the lamp wattage 
dose to the target value. Some commercial designs of 
choke are illustrated in Fig. 7, which also includes 
switchless-start auxiliaries. 


Choke shape 

For a given rating, maximum economy 
in material and in loss is obtained when 
the choke is roughly cubic in form. For 
convenient accommodation in the light- 
ing fitting, a slim and elongated shape is 
preferable. 

Most present-day chokes are therefore 
a compromise in proportions; a typical 
cross-section is 24 x 3tin. for the 
§0-watt rating and about 4in. smaller 
in each dimension for the 40-watt and 
smaller tubes. Though not quite so 
economical in materials and loss as the 
cubic designs, these proportions, which 
are sometimes referred to as the ‘brick’ 
shape, have proved acceptable to fitting 
designers and can be made to a high 
standard of reliability and consistency. 


experience over, say, 15 or 20 years, however, is not yet 
available. 

Recently, chokes have been made using a casting-resin 
encapsulation. This gives better thermal dissipation and 
has thus made possible the design of smaller units. While 
some economy in copper and iron is achieved, the power 
loss in the choke is increased. Casting resins are relatively 
costly and involve complications in production. Their 
value for chokes is as yet uncertain. 


Choke protection against overheating 

Although with well made chokes, designed to with- 
stand the continuous-preheat or failed-lamp condition 
without detrimental temperature rise, the risk of serious 
overheating is extremely small, many competitively 





Typical chokes, combined choke-transformers, and one-piece ballasts incor- 
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and electrical protection, an open core and coils con- 
struction is not employed for high-quality equipment. 
Protection against mechanical damage before mounting 
in the fitting, variation of electrical characteristics 
owing to adjacent ferrous metal, stray-field-induced 
Vibration and noise, difficulty of ensuring core-gap 
stability, and risk of insulation deterioration owing 
to air and moisture are some of the factors which weigh 
in favour of an enclosed and filled choke construction. 
In addition, where a filling of good thermal conductivity 
is used, heat dissipation is greater, and the thermal 
gradients are reduced. 

However, owing to unfortunate leakage experiences 
when soft filling compounds have been used, and for 
‘conomy, some people now favour unfilled shrouded or 
enclosed choke designs. It is contended by their sponsors 
that the insulating materials and manufacturing tech- 
liques employed render some of these unfilled chokes 
equally serviceable as the best filled types. Actual service 
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Porating capacitors 


At the top is a gear tray including a starting transformer, capacitor, fused terminal-block 
and tapped choke 


priced and less liberally designed units are sold. A 
sufficient number of these have overheated, and some- 
times given rise to minor fires, to arouse some demand 
for built-in protection against such faults. 

Cut-outs which operate on a combination of current 
and temperature have been devised, and while these are 
less costly than magnetically operated cut-outs of suitable 
characteristics, they might well add some 20-25% to the 
cost of a choke. Thus the addition of such a safety device 
to a ‘cheap’ choke would cancel most, if not all, of its 
attraction to those who buy on price. The manufacturer 
of a well made choke, on the other hand, claims such 
a trouble-free service record that the additional cost of 
built-in protection in his choke is unwarranted. 


Choke losses and accommodation requirements 

A considerable proportion of cases where chokes and 
other items of control gear have given trouble in service 
must be ascribed primarily to unsuitable accommodation, 
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resulting in excessive operating temperatures. Chokes 
for 80-watt tubes commonly have losses between 12 and 
15 watts, while for 40-watt tubes 8-10 watts is usual. 
B.S. 2818 gives a limiting surface-temperature rise of 
40°C at rated current, so in free air operating tempera- 
tures should not be excessive. 

The operating temperature of the choke in its installed 
position is determined by the facilities provided for the 
dissipation of the heat generated, and the responsibility 
for ensuring that these facilities are adequate must rest 
with the lighting-fitting designer and the installation 
contractor. Since it is usually mounted in a closed channel 
or box, the choke dissipates heat principally by con- 
duction through the metalwork on which it is mounted. 
Thus, good thermal contact with the supporting metal- 
work is desirable. 

Where the lighting fitting leaves the lamps open and 
permits reasonable air circulation, for example when the 
fitting is pendant, overheating troubles are rare; but 
great care is necessary in the design of enclosed multi- 
lamp fittings and where air circulation is restricted or 
prevented. 

There is a marked tendency towards more arduous 
thermal conditions in fittings—a tendency which gives 
no support to the contention that a relaxation of the 
temperature-rise limits for chokes is warranted. 


Capacitor requirements 

Capacitors for power-factor correction and series- 
circuit use in fluorescent lighting have always been of 
aluminium-foil and cellulose-tissue construction, but 
several different impregnants have been employed. 
Petroleum jelly and to a lesser extent mineral oil were 
used initially, and a great number of capacitors using 
these impregnants have given long and satisfactory 
service where they are not operating above 40°C. 

The loss in a good capacitor of this type at mains 
voltage and frequency is of the order of 0-1 watt/uF, 
so there is very little inherent temperature rise in the 
capacitor. But housed near the choke in an enclosed light- 
ing fitting, capacitors may be operated at more than 50°C. 
At such temperatures these impregnants are more fluid 
and occupy a larger volume than when cold, and they also 
tend to liberate gases; consequently, the capacitors, 
which must be hermetically sealed, build up appreciable 
internal pressures. 

Any weakness in the container joints or in the terminal 
bushings is liable to result in leakage of impregnant. 
A large proportion of the trouble experienced with 
petroleum-jelly and oil-filled capacitors is due to this, 
and many capacitors which remain serviceable electrically 
have been discarded because of the nuisance and damage 
caused by dropping impregnant. 


New impregnant 

Although some manufacturers still use mineral oil, 
the majority have adopted a synthetic viscous liquid 
of chlorinated-diphenyl composition which has the 


218 





advantages of improved dielectric constant, discharge. 
inception voltage and thermal stability. 

In parallel with the introduction of the new impregnant, 4 
to avoid contamination owing to soldering flux and to ¢ 
reduce the liability to impregnant leakage, impac. 
extruded containers in aluminium have been adopted, 
The only joint is that required at the lid, and this js 2 
usually welded, using a fluxless argon-arc technique. The 
container will then withstand considerable interna) 
pressure, and the capacitor will give reliable service uw) by 
to at least 70°C. 

Less welcome characteristics of the new impregnan 
are its increased power factor and reduced dielectric Ca 
constant at sub-zero temperatures and the decompos. 
tion which takes place in the presence of an electric 


discharge. A breakdown in the capacitor results in the sp 
liberation of vapour and of free carbon. The inter | ™. 
pressure may rise to a disruptive magnitude unless the a 


faulty unit is disconnected before sufficient energy has} .. 
been fed into it. All capacitors for power-factor corre | 9” 
tion incorporate a resistor, usually about 0-5 megohm, 
to ensure that they are rapidly discharged when the 





supply is disconnected. plat 
pos 
Capacitor protection ses 
mer 


In well designed and made capacitors operated within | hea 
their rated voltage, the risk of internal electrical ved con 
down is extremely small, and tests during manufactur 
are designed to show up weaknesses which might give j, F 
rise to such breakdowns in service. Yet there mut) ff 
inevitably remain some residual chance of a service) 4 gi 
failure of this sort, and protection against its possible | the | 
explosive effects can be given. It is found that a suitably) yi, 
rated wire fuse will carry the normal current of th} abje 
capacitor and the initial charging surge yet in the event on 
of a fault will break sufficiently rapidly to open th} for 
circuit before the energy supplied is sufficient to burs! 4 ¢9 
the container. , OK 

Some manufacturers build the protective fuse into th) Fig. 
capacitor, but it is considered preferable for the fuse to; the 
be placed adjacent to the live terminal of the fitting) th , 
since in this position it provides wider protection ami) 4 gy 
the extinction of the lamp gives immediate indication” ¢gp } 
of a failed capacitor. A specially designed fuse, incor) Jp 
porated in a supply terminal block for a fluoresce, yojt, 
fitting, is illustrated in the centre foreground of Fig. a] is sm 
Final subcircuit fuses are not usually sensitive enoug) the , 
to clear a capacitor fault with sufficient speed, even i : curre 


Ss 


the fuse rating is only Samp. exper 
; ; ) efficie 
Two- and three-tissue capacitors is em 


In order to keep down the bulk and cost of capacitos,” owins 
the thickness of the special paper used for spacingtk; On 
metal foils must be as small as possible consistent wil!) that i 
adequate electrical and mechanical strength. Tissues) by ad 
10 and 12 microns thick are commonly employed. 4" daries 
minimum of two thicknesses of tissue is used in ordet®)) of eac 
safeguard against electrically weak spots, which cami” secon 
be entirely avoided in the manufacture of the tissue. { tage t 
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For connection effectively across the 
low-voltage supply terminals of a 
fuorescent fitting, as shown in Figs. 1, 
3 and 4, capacitors rated at 250 volts 
(working) or 275 volts (maximum) are 
ysed, and these preferably employ two 
\2-micron papers, though cheaper shunt 
capacitors frequently use two 10-micron 
papers, resulting in appreciably reduced 
bulk per microfarad and a_ reduced 
factor of safety. 


Cathode-heating transformers 


Voltage-fed transformers for use in 
compensated circuits such as that shown 
in Fig. 4 have their secondaries and 
primary internally connected in sequence. 
The secondaries are usually designed to 
give an open-circuit voltage of about 
\2 volts and have a regulation of 15% 
or 20%. Since there is considerable 8 
latitude in preheating current, it is 
possible to use one design of transformer 
over the 200/250-volt range, some adjust- 
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Typical capacitors 


In the centre, three radio-interference-suppression capacitors are shown, while in front 
are examples of the large and small canister starters and their sockets, with a fused 
terminal-block in the centre foreground 





ment in the starting voltage and pre- 
heating current being obtained by employing additive 
connections at the lower voltages and subtractive at the 
higher, as shown in the right and left cathode windings 
in Fig. 5. 

If a choke designed for the switch-start circuit with 
a given lamp and supply voltage is used, in these circuits 
the lamp will be operated at a wattage reduced by 5-10%, 
owing to the power taken by the transformer. It is prefer- 


able, for this reason and to provide more nearly uniform 


starting conditions, for a compensated-circuit trans- 
former and choke to be designed and housed together as 
acomposite choke-transformer unit. 

For uncompensated circuits, such as that shown in 
Fig. 5, however, there is little advantage in combining 
the choke and transformer, since the choke carries only 
the tube current and may be the same as that used in 
a switch-start circuit if slight overrunning of the tube 
can be permitted. 

In the uncompensated circuit the cathode-heating 
voltage requirement is more critical, since the margin 
is small between the minimum satisfactory preheat and 
the maximum permissible maintained cathode-heating 
current when the lamp is in operation. The power 
expended in the latter state results in a lower over-all 
efficiency than when the compensated type of transformer 
is employed. Cathode preheating is somewhat slower, 
owing to the reduced voltage applied. 

One advantage of the uncompensated transformer is 
that it can be made to serve two or more lamps simply 
by adding the necessary isolated cathode-heating ‘secon- 
daries. The cathodes at one end (normally the neutral) 
of each lamp may be fed in parallel by a single connected 
secondary. This arrangement possesses the further advan- 
lage that one of the tubes may be fed through a series 
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choke-capacitor combination, giving unity power factor 
for the pair of lamps, as already explained. 

The circuit shown in Fig. 6 includes a series-fed fila- 
ment-heating transformer, the primary of which may be 
regarded as part of the choke. This is essentially a current 
transformer with relatively small windings and is more 
economical than corresponding voltage-fed transformers. 
In some designs a separate primary has been dispensed 
with, and the cathode-heating windings are wound 
directly on the choke core. 

Examples of a compensated voltage-fed transformer 
with its associated choke and of a series-connected 
current transformer and choke, both open to show 
typical construction, are illustrated in Fig. 9. 


Interference-suppression auxiliaries 

Fluorescent tubes sometimes generate radio-frequency 
noise; with hot-cathode tubes this is particularly so 
towards the end of life. The directly radiated field 
strength is small and falls rapidly with increasing dis- 
tance from the offending tube. But mains-borne inter- 
ference from a tube may travel further and mar radio 
reception at some distance. Fortunately, a simple sup- 
pressor consisting of a capacitor of between 0-005 and 
0-02.F usually proves sufficient to prevent interference 
with any radio reception on an adequate aerial and 
reduces the measured interference well below the limits 
given in B.S. 800. 

In switch-start circuits this suppression capacitor is 
included in the starter canister and must be capable of 
withstanding the surge voltage induced when the starter 
contacts open. With starterless circuits some manu- 
facturers embody the suppressor in the same unit as the 
cathode-heating transformer, but others use a separate 
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suppression capacitor, which may conveniently be con- 
nected between the terminals of the transformer where 
this is of the compensated type and situated close to 
the lamp. Two single suppressors and one twin type are 
shown in the centre in Fig. 8. 

Only rarely is more elaborate suppression necessary, 





9 Typical combined choke-transformer units, showing interior 
construction 


On the left is an 80-watt choke and compensated starting trans- 
former, and on the right is a 40-watt choke with series-type 
transformer. Both units are designed for bitumen-compound filling 





and this may involve a wire-mesh screen to attenuate 
direct lamp radiation, or a mains-filter network at the 
input to the fitting. Details are given in B.S. 613 and 
C.P. 1006. Records kept by the Post Office show that 
fluorescent lamps are low on the list of types of electrical 
equipment causing interference. 


Summary 


Fluorescent tubes require auxiliary equipment to 
stabilize the electric discharge at the appropriate current, 
and those with preheated cathodes also require a starting 
device to control the preheating circuit or to provide 
secondary cathode-heating current. 

Various circuits are used, with differences in starting 
and operating characteristics. Those employing auto- 
matic starters are the most common, but those which are 
starterless are gaining in popularity because of their 
simpler maintenance and cleaner starting characteristics. 
Most starterless circuits use a small transformer to 
provide the cathode-heating current and require a 
starting aid in the form of earthed metal near the tube 
or preferably an earthed metal stripe on the surface of 
the fluorescent tube itself. Some circuits also provide 
a high-voltage pulse at the instant of switching-on. 

Nearly all circuits employ a choke for controlling the 
operating current of the tube, and since this lowers the 
power factor a capacitor is included for power-factor 

correction. In switch-start circuits the choke should have 
a sensibly linear characteristic at tube-operating current 
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and must be capable of passing the higher preheating 
current without detrimental temperature rise. Optimyun 
choke shape involves considerations of heat dissipation 





efficiency, cost and convenience. 

Compound-filled and cased types are widely used, but | 
some reduction in size has been found possible whe, 
casting-resin fillings are employed. Protection ame 
overheating can be provided, but with good designs this | | 
is unnecessary. 

Capacitors are either mineral-oil or jelly filled, or they 
may employ a synthetic-liquid filling with  superio; 
performance, particularly at elevated temperatures. The, 
must be hermetically sealed; and extruded aluminiyp 
containers, often with welded lid-joints, are generally 
used. The thickness and number of layers i in the interfoi 
tissue have an important bearing on service reliability, 

Cathode-heating transformers may be voltage. 
current-fed, the former usually for single-tube operation, 
though uncompensated types may feed two or more tub; 
by the inclusion of a suitable number of isolate 
secondary windings. 

Since fluorescent tubes sometimes generate radio | 
frequencies, small capacitors are always connected across | 
them, and these normally give quite adequate suppression, 








Chinese scientific literature 


THE Lending Library Unit of the Department of Scientific 

and Industrial Research has recently started to build up a. 
collection of Chinese scientific literature, and about 15 
Chinese scientific periodicals are now on regular order. Ina} 
special article in the March issue of the recently introduce 
L.L.U. Translations Bulletin* it is suggested that we canne’ 
ignore the scientific output of China, which may be growin 

rapidly. 

The periodicals are obtained by purchase through ordinan 
commercial channels and by exchange with seven 
organizations in China. 

The Lending Library Unit already maintains a lag 
collection of Russian scientific literature, which is availabk 
to research, industrial and other organizations through : 
loans service. The Library also operates a scheme for th, 
translation of Russian scientific literature, in collaboratio | 
with the National Science Foundation in the United State. 
This may possibly be extended in the future to inclué 
scientific literature from China. Meanwhile, the contents 0 / 
these Chinese publications must be assessed, and a scientis § 
with a knowledge of Chinese will be employed by the Lending | 
Library Unit to select and promote the use of Chine 
scientific and technological literature. 

The Lending Library Unit in London (20 Chester Terre. 
N.W.1) is the nucleus of the new National Lending Librayy 
for Science and Technology, which will be set up at Thon” 
Arch, near Boston Spa, Yorkshire, in 1961 (see January 199 
Journal, p. 45). 


* Published for D.S.I.R. by H.M.S.O., price 4s. (postage 5d.) 
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The Illuminating Engineering Society, 1909-1959 


and the coming of the Welsbach mantle about 1890 
marked the beginning of a new era in man’s use of 
artificial light and led, early in the present century, to the 
development of a new technology called illuminating 
engineering. Men like Silvanus Thompson and A. P. Trotter, 
who had some prevision of the important part that lighting 
might soon play in the life of the community, were not slow 
to appreciate the advantages of having a society devoted to 
the study of the subject, so that its development might 
proceed on sound lines and the various interests concerned 
with it might be brought together on an impartial platform. 
The result was the formation, just 50 years ago, of the 
[lluminating Engineering Society, whose primary object, as 
stated in its constitution, was ‘the advancement of the theory 
and practice of illuminating engineering and the dissemina- 
tion of knowledge relating thereto’. 


Sm invention of the carbon-filament lamp in 1879 


Dismal prophecies 

The choice of name was deliberate, for on more than one 
occasion during the earlier part of the Society’s history it 
was pointed out that the professional illuminating engineer 
had not then come into existence. Membership of the Society 
was open to anyone interested in the subject of lighting, and 
the range of professions represented among the early members 
was very wide. 

Silvanus Thompson was the first president, and the 
honorary secretary was Leon Gaster, an enthusiastic con- 
sulting engineer who had done much to prepare the ground 
for the formation of the Society. Meetings were held regularly 
month by month, generally in the rooms of the Royal Society 
of Arts, and papers dealing with a wide variety of lighting 
topics were read and discussed. It is, perhaps, worth noting 
that at no time was there any trouble due to the keen com- 
mercial rivalries between the different lighting interests, 
particularly those concerned with gas and electricity, although 
there had not been lacking dismal prophecies that these 
rivalries would very quickly wreck the Society. 

The activities of the new Society included, in addition to 
the monthly meetings, the establishment of joint committees 
on specific lighting problems, such as library lighting and the 
lighting of schools. These committees were ‘joint’ in the sense 
that they included representatives of those concerned with 
the use of the particular class of building under consideration. 
By far the most important committee on lighting at this 
time was, however, the Departmental Committee on the 
Lighting of Factories and Workshops, appointed by the Home 
Secretary in 1913 with terms of reference sufficiently indicated 
by its title. This committee carried out an extensive survey 
of lighting in factories, and there can be little doubt that 
their report, published in 1915, was of the utmost importance 
as providing official recognition of the value of good lighting 
in factories and therefore, by implication, in other classes of 
buildings as well. Both the secretaries of the committee and 
four of the six members were from the Illuminating Engineer- 
ing Society, which, naturally, was one of the bodies invited 
to give evidence. 
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Since the birth of the Illuminating Engineering Society in 1909, 
the efficiency of the electric lamp has increased ten times while 
the cost of a ‘unit of light’ has gone down to 1[600th of what 
it was then, taking into account the change in the value of money. 
The I.E.S. are celebrating their jubilee in many practical ways 
throughout 1959, and this article traces the milestones of their 
progress during the 50 years. 


JOHN W. T. WALSH, 0.B.E., M.A., D.SC., 
MEMBER 





International co-operation 


Leon Gaster was a man with many international contacts, 
and from the very first the Society showed its awareness of 
the value of international co-operation in lighting matters. 
This outlook found concrete expression at the International 
Electrical Congress at Turin in 1911, when Gaster, on behalf 
of the Society, moved a resolution which was adopted 
unanimously and which approved action by the I.E.S. in 
initiating negotiations which were, two years later, to result 





Silvanus P. Thompson, I.E.S. President 1909-14 


in the formation of the International Commission on 
Illumination (C.I.E.) from the existing International Photo- 
metric Commission. 

It was made a condition of membership of the C.I.E. that 
a country should have a national illumination committee 
representative of the principal interests concerned with light- 
ing in that country. The Institution has, from the start, 
strongly supported the British Committee, and several of the 
chairmen, notably W. Duddell, A. P. Trotter and Lord 
Mount Edgcumbe, have been chosen from The Institution’s 
representatives. 

Soon after the establishment in 1916 of the Department of 
Scientific and Industrial Research, the Illuminating Engineer- 
ing Society put forward a strong case for the prosecution of 


221 





research on various lighting problems, and the final outcome 
was the appointment in 1923 of an Illumination Research 
Committee which included six members of the I.E.S., the 
chairman being C. C. Paterson (afterwards Sir Clifford 
Paterson). This committee sponsored a number of investiga- 
tions, the results of which were published in a series of 20 
Illumination research technical papers issued between the wars. 


Good enough for ‘Punch’ 

Paterson was president of the International Commission 
on Illumination from 1928 to 1931, and in his last year of 
office the Commission visited this country, the official session 
in Cambridge being preceded by an International Illumination 
Congress held at various centres in Britain. The organization 
of this double event was in the hands of a joint committee 
of the I.E.S. and the National Illumination Committee, and 
one of the outstanding features was a display of floodlighting 
on a scale never before attempted anywhere in the world. 
A moving spirit in this enterprise was P. Good, later to be 
President of The Institution and then Deputy Director of the 
British Standards Institution. 

As a result of his energy and influence, many public and 
other buildings in London, Edinburgh and elsewhere were 
floodlit for the first time on the Ist September 1931, and 
the populace thronged the streets each evening so that traffic 
movement was serious impeded. The public imagination was 
captured, and evidence of this was provided by cartoons with 
floodlighting as their theme published in Punch at this time. 

Gaster died in 1928, and his place as honorary secretary 
was taken by J. S. Dow, who continued in that capacity 
until elected president in 1946. Gaster’s outstanding work 
for the Society is commemorated in the Leon Gaster Memorial 
Premium, awarded annually for the best paper read at the 
Society’s meetings. 

Among the chief happenings of the years 1931-1939 was 
the issue of Transactions, separate from The Illuminating 
Engineer, the journal (now known as Light and Lighting) 
which from 1909 had printed in full the papers read at the 
Society’s meetings and the subsequent dis- 
cussions. The first volume of the Transac- 
tions was published in 1936, and it is 
worth noting that one of the early numbers 
was, in effect, a modest lighting code, 
although it was not given that title. 

Another important occurrence of this 
period was the formation of local centres 
up and down the country, similar in func- 
tion to the Local Centres of The Institu- 
tion. Today there are 14 Local Centres of 
the I.E.S., including one in South Africa. 

A third development came about as the 
result of a proposal that the Society should 
establish an examination in illuminating 
engineering and award certificates to suc- 
cessful candidates. This proposal was 
largely due to the emergence of the 
illuminating engineer as a technologist in 
his own right, but it was soon realized 
that the Society, which in any case had 
never been a professional organization, 
would be better advised to hand over the 
responsibility for such an examination to 
the City and Guilds of London Institute, 
which, in fact, expressed its willingness to 
undertake the necessary work and establish 
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examinations at two levels, intermediate and final. The 
I.E.S. naturally participates in the work through its repre- 
sentatives on the appropriate advisory committee. 


Public lighting 

Street lighting had, not unnaturally, been a concern of the 
Society from the time of its formation; and when the Minister 
of Transport appointed a Departmental Committee on the 
subject in 1934, the Society participated actively, not only 
by direct membership of the committee but also by taking 
a leading share in the programme of research carried oy 
in order to assist the committee in its work. 

It was unfortunate that the issue of the committee’s report 
in 1937 was so soon to be followed by a complete annihilation 
of public lighting of any kind. 

In 1939, even before the actual outbreak of hostilities, the 
then president of the Society, P. Good, arranged for co. 
operation between the I.E.S. and the Ministry of Home 
Security, through committees set up to study various prob. 
lems raised by the black-out. A particular problem was the 
design of street lighting which, while invisible from enemy 
aircraft, would still afford some relief from total darkness and 
both help to raise morale and assist the movement of traffic 
after dark. Specifications were prepared, and before the end 
of the year some parts of Westminster had installations of the 
so-called ‘synthetic starlight’ which was later installed in cities 
and towns up and down the country. 

The removal of restrictions at the end of the war marked 
the beginning of an era of remarkable progress. The advent 
of the discharge lamp with its high efficiency made possible 
the attainment of the standards recommended by the Depart. 
mental Committee much more rapidly than would otherwise 
have been possible. Intensive research, most of it carried out 
by members of the Society working in different laboratories, 
showed how to use the new sources to the best advantage, 
In 1946 the first installations of fluorescent street lighting 
were put into service. The rate of progress was remarkable, 
and today it is generally acknowledged that the average 
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The floodlighting craze spreads to Little Puddleton 
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standard of street lighting in this country 
is second to none. 


The 1.E.S. Code 

One of the most important pieces of 
work done by the Society has been the 
issue and periodical revision of the ‘I.E.S. 
Code for lighting in buildings’. When this 
first appeared in 1936 (as already noted), 
it consisted solely of a list of values of 
illumination which were recommended, on 
the basis of experience, as suitable for a 
number of typical visual tasks. The list was 
revised and enlarged in subsequent editions, 
but it was not until 1945 that the Code 
underwent a radical change of form. 

From that time the list of recommended 
values became an appendix to a concise 
treatment of the problems met with in 
interior lighting: the relation between 
general and local illumination, the avoid- 
ance of glare, and other matters. There 
was, too, a careful explanation of how, 
with the help of the tables and charts pro- 
vided, an assessment of the value of illumi- 
nation suitable for a given application 
could be arrived at by an analysis of the 





Sir Lawrence Bragg delivering the fourth Trotter-Paterson Memorial Lecture 
at the Royal Institution, London, 1957 





features affecting the performance of the 

task, in particular size of detail, lightness and contrast. 
This treatment was based on an extended series of researches 
carried out between 1934 and 1940 by H. C. Weston, 
president of the Society in 1945-46 and honorary secretary 
from 1946 to 1955. 


The last decade 


Two developments belonging to the last decade should be 
mentioned. 

The more recent is the creation in 1957 of a class of 
membership in the Society reserved for the professional 
lighting engineer. The other is the establishment of a lecture 
to commemorate two prominent members of the Society: 
A. P. Trotter and Sir Clifford Paterson. Their deaths occurred 


almost within the space of twelve months (1947-48), and 
it was decided to institute the Trotter-Paterson Memorial 
Lecture in their memory. This lecture is given every two years 
by an outstanding scientist, and, of the five so far, two have 
been delivered by Nobel prize-winners. 

Perhaps not surprisingly, many of those who have played 
a leading part in shaping the fortunes and furthering the 
activities of the I.E.S. during the past 50 years have been 
distinguished members of The Institution. The names of 
Silvanus Thompson, A. P. Trotter, Lord Mount Edgcumbe, 
Sir Clifford Paterson, P. Good, and R. O. Ackerley spring 
immediately to mind. It is therefore appropriate that the 
Journal should tender to the I.E.S. its congratulations on the 
completion of 50 years of successful work and its best wishes 
for continued growth and prosperity in the future. 





THESE films have been added to the industrial section of the 
Central Film Library and are available on free loan by 
courtesy of the sponsors: 


UK 2102 Particles count 2 reels, 15min 
Describes the importance of particles in industrial processes, 
and their measurement. 


UK 2108 The transistor: its principles and equivalent circuit 
2 reels, 15min 

In colour, Animated diagrams are used to explain the 
principles and equivalent circuit of the junction transistor. 


UK 2109 The junction transistor in radio receivers. Part 1— 
The design of an i.f. amplifier 2 reels, 14min 
The application of the equivalent circuit to the design of a 
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New films 


transistor-operated i.f. amplifier is illustrated with animated 
diagrams. 


UK 2110 The junction transistor in radio receivers. Part 2— 
The complete receiver 1 reel, 8min 

Relates the application of the equivalent circuit to the design 
of a transistor-operated radio receiver. 


UK 2113 Introducing telex 2 reels, 20min 

Shows the subscriber-to-subscriber teleprinter service operated 
by the Post Office, its use for business communication, and 
its application to data-processing. A suitable film for manage- 
ment audiences and in communication courses. 


Inquiries should be addressed to the Central Film Library, 
Industrial Section, Government Building, Bromyard Avenue, 
Acton, London W.3. 
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Facilities of the Library of The Institution 


VERY effort has been exerted to make The Institution’s 

valuable library of works on electrical subjects as 
complete as possible. It is primarily a reference collection, but 
certain borrowing facilities are available, particularly for the 
use of members who are unable to visit Savoy Place. 

Its facilities are available to members of all classes, and the 
normal hours are from 9.30 a.m. to 5.30 p.m. Monday to 
Friday and until 12.30 p.m. on Saturdays. During the winter 
session, whenever there are Institution meetings, the Library 
remains open until the end of the meeting or until 7.30 p.m., 
whichever is the earlier. 


Reference Library 

The Reference Library consists of approximately 10000 
books on electrical and certain allied subjects likely to be of 
interest to members. More than 500 periodicals are being 
currently received, and the files contain over 600 titles. In 
addition, there is an extensive collection of pamphlets, reports 
of conferences, British Standards, E.R.A. reports and similar 
published material. 

All the books and many of the volumes of the periodicals 
are immediately accessible to members, but some material 
which cannot be accommodated in the main Library has to 
be kept in reserve. 

Included in the Reference Library are two famous historical 
collections: the Ronalds library and the library of Silvanus 
Thompson. Each comprises more than 5000 works, including 
several rare 14th-century manuscripts and valuable early 
printed books. The Institution has a unique collection of 
Faraday manuscripts and the library of Oliver Heaviside, 
together with his original notebooks. 

There are a considerable number of photographs and 
lantern slides which may be borrowed by members. 


Bibliographical assistance 

A feature of the Institution Library is the bibliographical 
facility. This is based very largely on a file of over 50000 
cards of Electrical Engineering Abstracts since 1947, arranged 
in subject order by Universal Decimal Classification. For 
subjects outside the field covered by Electrical Engineering 
Abstracts, the annual volumes of the Engineering Index are 
used. With the aid of these indexes and other reference works, 
the Library staff can provide references to articles on specific 
subjects and information on a particular topic. 


Lending Library 

The lending section of the Institution Library comprises 
more than 3600 books, mainly in the English language, which 
are duplicates of works in the Reference Library. A new 
edition of the Lending Library Catalogue will shortly be 
available, price 3s. 6d. post-free, which shows these books 
under authors and under subjects by Universal Decimal 
Classification. (New books added to the reference or lending 
sections of the Library are recorded in the accessions list 
published in the Journal. Bibliographical details of each book 
are given in the list, with a short note indicating its nature.) 

The facilities of Lewis’s Scientific Library, the National 
Central Library and other libraries are used for members 
wishing to borrow books not included in the Lending Library 
of The Institution. Similarly, periodicals can often be bor- 
rowed for members from the Science Museum Library; and 
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when this is not possible, photocopies of articles can us; 

be obtained instead. The cost is 5s. for an article of not more 
than ten consecutive pages, longer articles costing 5s. for 
each ten pages or portion of ten pages. 


The Rules of the Lending Library are: 


1. The Lending Library is open for the issue and return of 
books during the same hours as those appointed for the 
Reference Library, as indicated above 

2. The use of the Lending Library is limited to members (of 
any Class) of The Institution residing in the United Kingdom 
or Ireland 

3. Not more than two works at a time are issued to any one 
member, but the Librarian is empowered to waive this mule 
in exceptional circumstances 

4. No volume may be retained longer than 14 days from the 
day of issue. Should a work be required for a further Period, 
application for renewal must be made to the Secretary, who 
is authorized to extend the period of issue to a second fortnight 
provided that the book is not required by another member 
5. Application for a book must be made personally or by 
post. In the latter case, The Institution will bear the cost of 
sending the book, but the cost of returning books to the 
Library must in all cases be borne by the member 

6. A member borrowing books is not privileged to lend them 
7. A member will be called on to replace any book lost, 
damaged or defaced while in his possession or in course of 
transit from him to the Library 

8. Non-compliance with any of the above rules will render 
a member liable to the suspension of the facility of borrowing 
books. 


Local libraries 


Reference libraries and, in some cases, lending libraries 
have been established by some of the Local Centres and 
Sub-Centres. To further this scheme, the Council have decided 
that sets of technical books to the value of £50 should be 
supplied by The Institution to any Centre or Sub-Centre that 
may wish to have them for lending or reference and has 
proper facilities for accommodating them, on condition that 
the collection is maintained and extended locally. The books 
remain the property of The Institution. 

Some Local Centres and Sub-Centres not maintaining their 
own libraries make an annual subscription to a local technical 
library in return for library facilities for their member. 


Recent alterations to the Library 


The first results of the reconstruction at Savoy Place are 
to be seen in the Library. 

It had been felt for some time that the arrangement of the 
Library left much to be desired from the point of view of the 
‘user. For example, a reader seated in one of the alcoves 
formed by the bays projecting from the south wall was bound 
to be disturbed by anyone wishing to consult the volumes 
on the shelves either in front of or behind him. The bays 
themselves cut off a considerable proportion of the light from 
the windows, so that the room was inclined to be dull, and 


the light for those seated away from the windows was not 


good. 
All this has been changed. The bays have been moved 
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The Library as it was before the recent alterations 


across to abut the shelving on the north wall, thus letting 
in much more light. In addition, new tables and chairs have 
been provided, making it possible to seat more readers near 
the windows. 

The general effect, with the tables and chairs finished in 
blue and light oak and with the more up-to-date style of 
decoration, is one of light and cheerful spaciousness. New 
flush lighting fittings, in keeping with the panelled ceiling, 
give much-increased illumination. 

As the reconstruction programme proceeds during 1959 
and 1960, other changes designed to improve the Library still 
further will be made. 

The platform accommodating part of the staff will be 


The new arrangement of the Library 
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removed, and this space will be enlarged by taking the wall 
further back. A new corridor linking the west and east wings 
of the building will remove all passing traffic and so ensure 
a quieter Reference Room. 

New storage space is to be constructed behind the gallery 
of the Library. It is hoped to provide an open-access Lending 
Library in a room off the Library Ante-Hall, so that members 
wishing only to use the Lending Library will not be required 
to enter the Reference Room. This should result in a very 
tranquil Reference Room, free from disturbance, where 
serious study and research can be pursued in ideal conditions. 

A separate leaflet describing the facilities of the Library 
is available on application to the Secretary. 





Convention on Thermonuclear processes 


ERHAPS the most outstanding feature of the ‘Atoms for 

peace’ Conference held at Geneva in September 1958 
was the prominence given to developments in thermonuclear 
processes. Certainly very large efforts are being made by the 
industrialized nations to produce useful power in a fusion 
reaction. Much still remains to be done, but interesting results 
were reported at Geneva, and the outlook is sufficiently 
promising for all electrical engineers to take a real interest in 
the programme. The Institution therefore decided to hold a 
Convention on Thermonuclear processes. 


Information for the general membership 


Initially it was thought reasonable to present many of the 
papers which had previously been delivered at Geneva, but 
later, when the date was fixed as April 1959, it was seen to be 
reasonable to present more recent results and indeed to 
review progress since the Geneva Conference. It was also 
decided to include in lecture form some data regarding recent 
advances in the United States and in the Soviet Union. 

Nevertheless the theme has remained the same, namely to 
give to members of The Institution and others who may 
be interested an account of the development of thermo- 
nuclear processes and the possibilities of power production 
by this technique, but largely as a medium of providing 
information to the general membership. 

The convention will last two days: Wednesday, 29th April, 
and Thursday, 30th April 1959. It has been arranged by The 
Institution in conjunction with the British Nuclear Energy 
Conference and because of the reconstruction at Savoy Place 
will be held in the Great Hall of The Institution of Civil 
Engineers. Nineteen papers are to be presented, covering: 
(1) development of thermonuclear devices in Britain; 
(2) construction features of Zeta; (3) contributions from the 
United States and the Soviet Union; (4) engineering design 
problems associated with new systems; and (5) the constricted 
plasma and its future. 


Zeta, Sceptre 

The proceedings are to be opened by Dr. B. F. J. Schonland, 
director of the Atomic Energy Research Establishment, 
Harwell; and an introductory lecture is to be delivered 
by Dr. T. E. Allibone, director of the A.E.I. Research 
Laboratories. Following this, three specialist papers are to be 
read dealing with the design and performance of Zeta and 
Sceptre IIIA and physical measurement of heavy current 
discharges. 

Much of the work described at the Geneva Conference 
will be covered again (for the benefit of those who have not 
seen these papers), but a lot of new information and per- 
formance details will be included, particularly in regard to 
Sceptre IIIA and in connection with the instrumentation and 
measurement problems involved. Apart from the formal 
papers, a fair amount of time will be available for discussions, 
and it is hoped that these will be both vigorous and fruitful. 

The second session, dealing with the construction features 
of Zeta, will offer more detailed explanation than could be 
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presented at Geneva and will also cover more recent work jp 
a paper on the modifications to Zeta in 1958. 

The third session, on Wednesday evening, will comprise 
lectures by Dr. Chester Van Atta (U.S.A.) and I. N. Golovin 
(U.S.S.R.). 

The fourth session will consider a number of engineering 
design problems associated with new systems, with contribp. 
tions from the teams at the A.E.R.E., Harwell, the A.B]. 
Research Laboratories, Aldermaston, and the A.W.RE, 
Aldermaston. 


Constricted plasma 


The fifth and probably the most interesting session wil] 
deal with the constricted plasma and its future. First there 
will be an introductory review paper on the toroidal stabilized 
pinch and then a paper on the rapid compression of a plasma 
with azimuthal currents. There will also be a paper examining 
the circuit dynamics of plasma, which will illustrate how the 
equations for circuits containing a heavy current discharge 
can be established. 

There will be papers in this last session on energy storage 
for thermonuclear research and on the possibilities of direct 
energy conversion from fusion reactors. Many distinguished 
engineers have indicated their willingness to contribute to 
the discussion at this session, and we can look forward to 
an interesting and valuable meeting. To round off the pro- 
ceedings, Sir George Thomson, who did much pioneer 
work on thermonuclear processes in the early days and has 
kept in close touch with the work since that time, has agreed 
to make some closing remarks. D. T. 
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Fusion work at the A.W.R.E. be 


The 45000-joule condenser assembly, showing the discharge tube ; 
and some of the wiring 5 
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Papers and contributions to be presented at the Convention 


Session 1—Development of thermonuclear devices in 
Britain (10 a.m., 29th April) 


Introduction by B. F. J. Schonland, c.B.E., M.A., PH.D., F.R.S. 


Basic physics of thermonuclear processes (2888) by T. E. Allibone, 
PH.D., D.SC., F-INST.P., F.R.S., and D. R. Chick, M.SC., F.INST.P. 
pensiry and temperature requirements are given for which a 
radiation-cooled ionized plasma could yield a net power gain from 
fysion reactions in deuterium or deuterium—tritium mixtures. The 
behaviour of the plasma in electric and magnetic fields is examined. 


Design and performance of Zeta (290/) by E. P. Butt, B.sc., 
R. Carruthers, B.SC.(ENG.), J. T. D. Mitchell, B.sc.(ENG.), R. S. 
Pease, P. C. Thonemann, M. A. Bird, B.sc., J. Blears, B.sc.(ENG.), 
and E. R. Hartill, B.sc.(ENG.) 

THE main design parameters of the pinched-ring discharge apparatus 

Zeta are described, together with observations made with it up to 

April 1958. 


Sceptre IIIA (2898) by A. A. Ware 

tue toroidal discharge apparatus Sceptre III has been modified to 

include new magnetic-field coils and better measuring facilities. 

Experimental results obtained with the new equipment, Sceptre IIIA, 

are reviewed. 

i hysical measurements on heavy current discharges (2900) by R. M. 
Dayne, B.SC., PH.D., and S. Kaufman, B.SC., PH.D. 


MEASUREMENTS Of the plasma are reviewed, with particular reference 
to Sceptre III. Results of discharge-stability and energy-loss 
measurements not previously published are included. 


Session 2—Construction features of Zeta (2.30 p.m.) 


Choice of materials and problems of design of heavy-current toroidal 
discharge tubes (2948) by A. E. Robson, M.A., D.PHIL., and 
R. Hancox, B.SC.(ENG.), PH.D. 

EROSION causing contamination of the plasma is studied. This 

includes erosion by thermal evaporation, sputtering and the 

formation of arcs. A critical review is given of possible torus 


Yacuum-system design (2904) by J. Blears, B.sc.(ENG.), and E. J. 
Greer, B.SC. 


THE design of the Zeta I vacuum system is considered. 


Switching and control (2879) by M. A. Bird, B.sc. 


THE reasons behind the decision to design a new compressed-air- 
operated mechanical switch for the Zeta circuit are outlined. 


The Zeta transformer and auxiliary circuit equipment (2876) by 
E. R. Hartill, B.sc.(ENG.) 


THE design and construction of the Zeta high-power pulse trans- 
former and its associated core-biasing circuit are described. 


Modification of Zeta in 1958 (2930) by J. T. D. Mitchell, B.sc.(ENG.), 
H. R. Whittle, p.e., E. M. Jackson, A.M.I.MECH.E., and P. B. 
Clarke, B.sc.(ENG.) 

THE Modifications comprise installation of a stainless-steel bellows 

liner in the torus, ignitron switching and simplification of the pulse 

a and improved pumping, stabilizing field and diagnostic 

ties. 


Session 3—Contributions from the U.S.A. 
U.S.S.R. (5.30 p.m.) 


Thermonuclear research in the U.S.A. by Dr. C. M. Van Atta 


and the 


Investigations on the trapping of fast charged particles by constant 
magnetic fields, carried out as part of the U.S.S.R. thermonuclear 
programme by I. N. Golovin 
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Session 4——-Engineering design problems associated with 
new systems (10 a.m., 30th April) 


Calculation of discharge currents in a torus with a continuous con- 
ducting liner (2905) by C. H. Tosswill, M.a., and E. L. V. Hope, 
B.SC. 


CALCULATIONS are made of the behaviour of the modified Zeta 
system when the gas current and the parasitic current flowing in 
the continuous metal liner are of the same order. 


Some switching problems in thermonuclear research (2932) by D. L. 
Smart, B.SC.TECH. 

A GENERAL survey is given of switching circuits, incorporating 

mechanical switches, ignitrons, and various spark-gap devices, and 

of the probable future applications of the different types of switch. 


Low-inductance switching using parallel spark-gaps by R. A. Fitch, 
B.SC.(ENG.), and N. R. McCormick, B.ENG., PH.D. 


The ignitron as a switch in high-voltage heavy-current pulsing cireuits 
(2947) by H. de B. Knight, m.sc., L. Herbert, B.sc., and R. C. 
Maddison, B.A. 

THE requirements for switches in capacitor discharge circuits are 

reviewed, and an account is given of experiments with ignitrons. 


Transformer design for toroidal discharge systems (2895) by R. 
Carruthers, B.sc.(ENG.) 

THE design and requirements of iron-cored and air-cored trans- 

formers are discussed, and an arrangement is described in which 

the transformer is also the energy store, magnetic energy being 

switched between primary and secondary. 


Session 5—The constricted plasma and its future (2.30 p.m.) 


Brief review of the toroidal stabilized pinch (2883) by R. J. Bickerton 


THE state of research into the toroidal-pinch approach to fusion is 
reviewed, and a qualitative summary is given of the theory of the 
stability and heating of such discharges. 


Rapid compression of a plasma with azimuthal currents (2882) by 
G. B. F. Niblett, M.sc., PH.D., A.INST.P. 

A RAPID pinch process is described in which azimuthal currents and 

their associated axial magnetic fields are used to heat and confine 

a plasma. 


Circuit dynamics of plasma (2899) by B. S. Liley 


EQUATIONS applicable to the behaviour of plasma in bulk are 
derived and discussed. 


Energy storage for thermonuclear research (29/5) by R. Carruthers, 
B.SC.(ENG.) 

TO operate pulsed experiments, where energy is required at very 

high levels, it is usual to charge a suitable energy store for several 

seconds. The various methods of storing energy, e.g. as electric 

charge, magnetic flux, and mechanical or chemical energy, are 

examined. 


Possibilities of direct energy conversion from fusion reactors (2902) 
by J. D. Jukes, B.A., M.AERO.E. 


A METHOD is suggested for extracting electrical energy directly from 
fusion reactors, and it is shown that about one-third of the available 
energy may be so extracted. 


Closing contribution by Sir George Thomson, M.A., LL.D., SC.D., F.R.S. 
(President of the Institute of Physics) 

copies of this lecture, delivered at an Ordinary Meeting of The Institu- 

tion held in conjunction with the B.N.E.C. on the 4th December 1958, 

will also be available as supporting material for the Convention. 


Review of work towards nuclear energy from controlled thermo- 
nuclear reaction (2903) by D. W. Fry, M.sc. 

THE main approaches to the problem of releasing nuclear energy 

from the elements are outlined, and the stage already reached is 

summarized, with special reference to the Second Conference on 

the Peaceful uses of atomic energy at Geneva in September 1958. 
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A review of the Proceedings, Parts A and B 





SHORT REVIEWS OF PAPERS 


ON the following pages are some brief review articles based on, and written by the authors of, current Institution papers. The authors have been askeq 
to make these articles, so far as possible, interesting and of appeal to electrical engineers who have no specialized knowledge of the subjects, and the 
content of the articles is not necessarily confined to the subject-matter of the original papers 


Electrical installations at Calder Hall 


A short review of a Utilization Section paper (No. 2699) 
with the above title, by N. J. Mackay and E. Hardwick, 
Associate Members. The paper was published individually 
in August 1958, and it will be republished in Part A of the 


Proceedings. The authors are with the Industrial Group of 


the U.K.A.E.A. 


Benes HALL, being the first attempt to utilize heat 
produced in a nuclear reactor for the generation of 
electric power on anything like a commercial scale, set 
the problem of how to arrange economically for the 
export of this power while at the same time giving a 
maximum degree of back-up to the power supplies for 
the reactors. Since it is desirable to protect the reactors 
from unnecessary shut-downs, it is arranged that the 
capacity to generate can be used fully to maintain 
reactor operation even if the Grid supply fails completely. 

The question of maintenance of supplies is of much 
more consequence than in a conventional station, bearing 
in mind the increasing difficulty of access to the nuclear 
boiler for remedial work once the reactor has started to 





1 Circulator house, showing emergency Diesel-generator sets and circulator Ward 


Leonard equipment 
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operate and given rise to levels of activity within this 
part of the plant. 

Similarly, although the handling of fuel into and out of 
the reactors represents a small power requirement, this is 
more than offset by the relatively large electrical load 
demanded by the main carbon-dioxide circulators, which 
have to circulate the large volume of gas at 100|bjin? 
between the reactor core and the heat exchangers. This, 
together with the remainder of the station auxiliary load, 
represents in the case of Calder 17% of the generated 
output and provided a problem which required careful 
investigation of system stability in conditions of fault. 

Each reactor has its own main switchboard located 
within a control block built against the concrete shielding 





and is supplied by two separate feeders which have a 
degree of physical separation in that they enter the 
building from opposite sides along entirely separate 
routes. The provision of these paralleled supplies has 
meant a fault level of 350 MVA at these busbars, but it 
has also enabled all the wiring associated with y 


circulators and their controls to be confined to each of 
the reactors and cable runs to be kept 
direct and short in length. 

Owing to the requirement for clos | 
control of gas flow through the reactor | 
to limit the temperature rise, each of 
the four d.c. gas-circulator motors i| 
equipped with Ward Leonard control | 
and as the motors are 2200h.p. each, | 
running at a top speed of 980r.p.m, 
great care has had to be taken in dealin 
with the problem of commutation at th 
upper speed limit. 

The main gas ducts are fitted wilt F 
valves at the inlet and outlet to th| 
reactor pressure container, but these ar j 
not used to control the gas flow—beiny | 
positioned either fully open or fully shu. | 
for isolation purposes. 

Both the circulator motors and th 
gas valves are fully operational from th} 
reactor control room, together with at 
control-rod system, the first two havils 
local standby operation. 

Heat must be continuously remove | 
from the reactor, even when all ty ; 
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control rods have been inserted fully 








into their respective channels, to prevent 
the possibility of excessive temperature 
conditions inside the reactor. Therefore, 
the circulators have to run at reduced 
speeds for a considerable time after 
shut-down; and in order to achieve this, 
pony motors are fitted as auxiliary drives 
to the main shafts. 

Again, as the operation of these 
motors is so vital to the plant, an 
emergency running system is provided, 
self-contained to each reactor with 
regard to both its electrical connec- 
tions and its physical positioning. This 
takes the form of a 1950Ah capacity, 
120-cell battery which will run the 
emergency plant for half an hour. In 
addition, there are two Diesel-generator 
sets, one as complete standby to the 
other, which are designed automatically 
to run up and supply load should the 34 
main a.c. feeds to the reactor fail for 
any reason. 

The pumps supplying oil to the main bearings’ for 
lubrication and also to prevent the escape of carbon 
dioxide along these shafts must be kept running and 
are connected to the battery-fed supply. In this case, 
however, they are continuously running, as there must 
be no break in their operation (unlike the pony motors, 
which have time to run up to speed as the main circulator 
motors lose speed). 

The heat exchangers, one to each gas circulator- 
circuit, produce steam at two pressures (the high-pressure 
steam at about 200 Ib/in.), the four heat exchangers per 
reactor supplying two turbo-alternators rated at 23 MW 
each. In addition, however, to the condensing plant 











View of turbine hall, with the dump condenser on the left 


associated with the sets, there is a separate dump con- 
denser, and even with no generation taking place the 
reactor can be maintained at full load by turning the 
steam to dump, all the water-cooling plant being designed 
to cope with this condition. 

Control of the eight turbo-alternators is now arranged 
from one electrical control room at the Calder B 
extension, although each reactor has its own separate 
control room. 

Operational experience up to date has indicated that 
the over-all electrical design has proved satisfactory in 
all conditions so far encountered in the operation of the 
plant. 621.311.17 : 621.316.9 


Multi-cavity klystron with improved bandwidth 


A brief account of an Electronics and Communications Section 
paper (2825) entitled *A multi-cavity klystron with double-tuned 
output circuit’, by H. J. Curnow, B.Sc., and L. E. S. Mathias, 
M.Sc. The paper was published individually in January 1959 
and will be republished in Part B of the Proceedings. The 
authors are at the Services Electronics Research Laboratory. 


SIX-CAVITY klystron amplifier was described by P. G. R. 
King in a paper read at the Convention on Microwave 
valves in May 1958.* This valve gave a pulsed output power 
of more than 2-5 MW over a band of 5:3% about a wave- 
length of 10-5cm. It has been demonstrated that, by incor- 
porating a double-tuned output circuit in this valve, greater 
bandwidth can be obtained. 
The bandwidth of the original valve was limited by the 
saturated output power falling off at frequencies away from 
* Proceedings I.E.E., Paper 2624 R, May 1958 (105 B, Suppl. 12, p. 813) 
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the band centre. This variation with frequency is largely 
determined by the impedance/frequency characteristic of the 
output circuit. The driving current obtainable is practically 
a constant fraction of the beam current, provided that 
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sufficient drive power is available. The bandwidth of a single- 
tuned output circuit, shown in its microwave form in Fig. 1, 
is set by the gap geometry and by the strength of the coupling 
between the cavity and the output waveguide, which has to 
be adjusted to give the required output power. 


Double-tuned circuit 

By using a double-tuned circuit, as shown in Fig. 2, it is 
possible with the same gap to maintain the same coupling 
over a wider frequency range. The double-tuned circuit was 
constructed by adding another pair of doors to form a second 
cavity, as shown in Fig. 2. The length / of this cavity was 
chosen for the required resonant frequency, final adjustment 
being made with the diaphragm tuner. The apertures d, and d, 
between the doors were chosen to give the appropriate 
frequency response. 

Apart from the output system and the increased stagger- 
tuning (provided by offsetting the tuning ranges of the inter- 
mediate cavities), the construction of the klystron is identical 
with that of the one described by King. It is operated at 


120kV; the collector current is 82amp and the beam inter. 
ception about 6%. The pulse length is 2microsec and the 
pulse-repetition frequency 100 pulses/sec. The cavity fre. 
quencies were adjusted to give a saturated output of more 
than 2-5 MW over as wide a band as possible. The maximym 
bandwidth obtained for 2-5MW was 6°3%, compared with 
5:3% for the original single-cavity output valve. 621.385.1.029¢ 
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Transistors in a.f. telephone line amplifiers 


A short account of an Electronics and Communications Section 
paper (2764) entitled ‘The application of junction transistors to 
audio-frequency telephone line amplifiers’, by H. G. Bassett, 
B.Sc(Eng.), and D. Thomson, Associate Members, and P. E. 
Greenaway, B.Sc. The paper was published individually in 
December 1958, and it will be republished in Part B of the 
Proceedings. The authors are in the Post Office Engineering 
Department. 


UDIO-FREQUENCY amplifiers for use in telephone circuits 

commonly handle signal levels of the order of 10mW 
with a gain of 30 or 45dB. Good linearity and constancy of 
gain are required, because numbers of amplifiers may be 
required on long circuits. The requirements have hitherto 
been met by using indirectly-heated thermionic valves in 
circuits with mixed negative feedback, and the power efficiency 
of such amplifiers is necessarily very low. 

The alloy junction transistor is very attractive as an 
amplifier for a.f. telephony; the absence of a heater enables 
much higher power efficiency to be obtained, and the low 
operating voltages are advantageous to the telecommunica- 
tion engineer. Transistors having sufficient power-handling 
capacity are available to replace the thermionic amplifiers 
directly, and evidence shows that the alloy junction transistor 
can be made sufficiently reliable for the application. 


Mixed feedback 


Useful amplifiers can be made using the transistor in a 
common-base circuit without feedback and relying on the 
high linearity and constancy of the emitter-collector current 
gain. The performance of these amplifiers is, however, 
limited by the need to sacrifice gain and output power in 
order to obtain stable, matched-impedance conditions at the 
terminals; and although some common-base amplifiers are 
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in service, the main development effort has been concentrated 
on other circuit configurations employing mixed feedback to 
stabilize the output impedance against changes in transistor 
parameters. 





Mixed feedback can be applied to common-emitter stages 


to give amplifiers having gains up to about 27dB, but the 
amount of feedback used in these amplifiers is not sufficient 
to avoid the need for individual adjustment. Nevertheless, 
single-stage push-pull amplifiers have given useful service in 
the telephone network and have been on field trial for the 
last two years. The amplifiers consume about 240mW of 
power and overload at an output level of about 30mW. 

In order to obtain 30dB gain without the need for indi- 
vidual adjustment, two stages are necessary; and the designer 
must decide between a push-pull output stage and a single- 
sided one. The amount of feedback necessary to give adequate 
stability of gain and terminal impedances is found to provide 
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1 Circuit diagram of TB4 amplifier 
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adequate linearity in a single-sided stage, which was therefore 
preferred on the grounds of simplicity. 

Fig. 1 shows a two-stage amplifier having a common-emitter 
stage driving a common-collector stage. Direct coupling is 
used between the two stages, and d.c. feedback stabilizes the 
dc. operating conditions of both stages; mixed feedback is 
applied via point A. The amplifier delivers an output power 
of 50mW and consumes 320mW. The amplifier shown in 
Fig. 1 has the disadvantage that it uses three electrolytic 
capacitors, and further work has been carried out to develop 
one using only non-electrolytic capacitors; the schematic of 
such an amplifier is shown in Fig. 2. 

It has a common-collector stage driving a common-emitter 
stage and again uses mixed feedback. The performance is 
similar to that of the amplifier shown in Fig. 1, but the power 
consumption is 290mW. 

The work described in the paper has shown that the junction 
transistor can supplant the thermionic valve in most a.f. 
applications in line transmission. Mass-produced transistors 
can be used, and no selection is necessary provided that they 
meet a specification prescribing tolerances comparable with 


Electromagnetic 


A short review of a Utilization Section paper (2763) entitled 
‘The design of electromagnetic pumps for liquid metals’, by 
D. A. Watt, B.Sc.(Eng.), Associate Member. The paper was 
published individually in December 1958 and will be republished 
in Part A of the Proceedings. The author is at the Atomic 
Energy Research Establishment, Harwell. 


HE principles of the electromagnetic pumping of liquid 

metals have been frequently discussed, and the scope of 
application of the principal forms of pump is generally well 
understood. In nuclear-power applications, the metals most 
often considered as reactor coolants are sodium and sodium- 
potassium alloy, and these alkali metals are being applied to 
experimental and prototype reactors. Bismuth and its alloys 
have also merited careful study as coolant and fuel solvent in 
homogeneous systems. 

Both electromagnetic and mechanical pumps have been 
applied to experimental systems, but it is thought that in the 
long run the fully developed forms of electromagnetic pump 
offer a better prospect of continuous, maintenance-free 
operation. Pumping power is usually small with alkali metals, 
so that a somewhat lower efficiency in the electromagnetic 
units is not a factor of serious significance. Tests on a 
3000g.p.m.(U.S.) linear induction pump handling sodium 
have shown an operational efficiency of 52°%, with a pressure 
rise exceeding 501b/in?. The over-all efficiency of a mechanical 
pump for this duty would be 65-70%. 

Flow control is achieved by varying the voltage applied to 
the electromagnetic pump, but the electro-mechanical pump is 
usually driven by a squirrel-cage induction motor, canned or 
otherwise, and so would require variable-frequency supply 
for continuous control of speed. 

D.C. forms of electromagnetic pump operated on sodium 
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2 Circuit diagram of TCI amplifier 





those of the thermionic valves hitherto used. Field trials 
promise high reliability; over the past two years 1-9 million 
transistor-hours have been run on experimental amplifiers 
with only two failures. The mean collector temperatures 
during these field trials were mostly below 45°C. 

621.395.641 : 621.382 


pumps for liquid metals 


are also capable of better than 50% efficiency, including 
current-source and busbar losses. They are particularly suited 
to conditions of intense radiation and high temperature as 
they have the simplest insulation requirements. 


Reliability 

The reliability of an electromagnetic pump within its 
scheduled operating conditions can be very high, as has been 
shown by tests on the 400g.p.m. linear induction pumps. 
These models provided a basis for the design of pumps for the 
Dounreay Fast Reactor, which is to be sodium-cooled. The 
400g.p.m. pumps have been operated for more than 20000 
hours without incident. 

Molten sodium is the coolant with the best electrical 
conductivity, while bismuth has the greatest resistivity and 
is also of much higher density. A substantial increase in liquid 
density does not noticeably affect the efficiency of mechanical 
centrifugal-pump designs, although cavitation has to be 
considered and this may radically alter the design for a given 
head rise. 

On the other hand, the higher resistivity of bismuth, com- 
pared with that of sodium, not only affects the design of 
electromagnetic pumps but also reduces the maximum 
practicable efficiency. This reduction is serious for linear 
induction pumps, and they are not really competitive. The 
figures for d.c. systems are 35-40% with bismuth, compared 
with 50% for sodium pumping. A current-source efficiency 
of 90% is possible in large d.c. designs using homopolar 
generators with liquid-metal current collection and induction 
motor drive. To achieve the best possible performance in any 
form of electromagnetic pump requires careful design 
throughout, taking all factors into account. 

Induction pumps have already received industrial-scale 
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development, and this will certainly be required for d.c. 
systems if they are to pass from experimental laboratory to 
production form. There are two points at which the scope and 
performance of electromagnetic pumps may be further 
advanced. 

A high-temperature, radiation-proof winding insulation 
may be developed for polyphase travelling-field pumps. This 





1 Experimental d.c. pump at the A.E.R.E., Harwell 
View showing magnet and reinforced channel 





would raise the limit of liquid-metal temperature in the self- 
cooled pump and so eliminate possible causes of failure 
associated with the special cooling circuits at present required 
for temperatures of 250°-500°C. 
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The other possible development is that of fabricated ducts 
for large d.c. conduction pumps using ceramic or other 
coating to insulate the main side walls and to effect a sea) 
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around the electrodes. This would result in some saving of 
current and make possible a useful increase in the efficiency 
of d.c. pumps designed for bismuth. The walls could also be 
of heavier-gauge plate if they carried no current. 

Fig. 1 shows the magnet poles and reinforced pump duct 
of an experimental d.c. pump. Examples of pressure/flow and 
efficiency/flow curves with constant electrode current and 
field are shown in Figs. 2 and 3. The results are of special 
interest as they show a maximum conversion efficiency of 
nearly 40% when pumping mercury in a stainless-steel channel 





4 10g.p.m.a.c. conduction pump with combined transformer, 
suitable for alkali metals 
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of moderate size. Mercury and bismuth are similar in electrical 
and fluidity properties. 
Fig. 4 shows a small laboratory pump for alkali metals. 


An optimum performance with sodium-—potassium alloy of 


10g.p.m., 14lb/in.*, 64° efficiency has been measured at 

ambient temperatures. Models can be operated satisfactorily 

at liquid temperatures up to 350°C without special cooling. 
621.313.2 : 621.65 


Helix structures for pulsed travelling-wave tube 


This is a short account of an Electronics and Communications 
Section paper (2788) entitled ‘Theory and behaviour of helix 
structures for a high-power pulsed travelling-wave tube’, by 
G. W. Buckley, M.A., Associate Member, and J. Gunson, B.A. 
The paper was published individually in January 1959, and it 
will be republished in Part B of the Proceedings. Mr. Buckley 
is, and Mr. Gunson was formerly, with the Metropolitan- 
Vickers Electrical Co. Ltd. Mr. Gunson is now at the University 


Apart from the phase velocity, the parameter of merit for a 
slow-wave structure is its series impedance. The concept of 
series impedance is introduced to relate the electric field 
available for interaction with electrons with the power flowing 
in the structure, i.e.: 


ae (interaction electric field)? 
series impedance oc ——-— 


power flow 














of Cambridge. 
Most low-power travelling-wave tubes use a single-start- 

T low power levels, the travelling-wave tube with its large wire helix, which forms a very good approximation to the 
bandwidth has proved an invaluable tool, the microwave 
television links employing it extensively. Consequently, there 
is great interest in extending its application to the megawatt 
level. | | 
A travelling-wave tube consists essentially of an electron | 
beam which interacts with a transmission line whose phase 
velocity is slowed down to be less than the velocity of light. 
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2 Dispersion curves for sheath helix (fundamental mode) 


theoretical curve, bounded sheath helix 
theoretical curve, unbounded sheath helix 
experimental points, 4-start helix 
experimental points, 8-start helix 
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cylindrical Pierce sheath. This idealized cylinder is endowed 
with conductivity only along helical paths and is a basic 
assumption in design theory. 

Chodorow and Nalos in the United States and Gittings and 
associates in this country have demonstrated the feasibility 
of the megawatt travelling-wave tube. However, they refrained 
from using the conventional single-start-wire helix on such 
grounds as its low mean power capacity and poor approxima- 
tion to the electrical characteristics of the sheath concept at 
high phase velocities. 

Instead they used a periodic type of structure typified by 
the iris-loaded waveguide used in linear accelerators. Their 
results have shown an improvement over the bandwidth 
obtainable from conventional klystrons but still leave much 
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1 Strapped 8-start helix 
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to be desired. Accordingly, a study has been undertaken of 
possible helix structures for these high power levels. 
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3 Series impedances for bounded-sheath helix 


theoretical curves, bounded-sheath helix 
x experimental points, 4-start 30° helix 
© experimental points, 8-start 35° helix 








Multimegawatt valves use electron beams of about 
200kV, 100amp rating, which when focused pass easily along 
a 2cm-internal-diameter metal tube. Electrons so formed 


have a velocity of about 0-7c, where c is the velocity of light, 
A design theory based on the sheath concept is still valid, ang 
at a phase velocity of 0-7c a multistart helix would seem to 
be the correct approximation. 


Water-cooling 

The thermal properties of the helix may be improved by 
water-cooling, and experiments were performed with water 
flows at available water-main pressures. These showed that 
metre lengths of helix formed from ;3;in.-outside-diameter 
¢in.-bore tubing may be cooled satisfactorily. Consequently, 
the microwave characteristics of these structures were investi- 
gated to establish their usefulness. 

Experience with high-power pulsed klystrons indicates that 
the structure should be all-metallic and contained in a cylinder, 
The series impedance may be measured by a perturbation 
technique, and a length of helix structure, shown in Fig, |, 
was Closed by end plates and so formed into a resonant cavity, 
A small glass sphere (similar to a bead from a child’s necklace) 
was moved along the axis of the cavity and caused a periodic 
variation in the resonant frequency. These changes in resonant 
frequency were used to determine both the phase velocity and 
series impedance. Meanwhile, it was necessary to extend the 
Pierce theory of an unbounded helical sheath to include the 
bounded sheath. 

For the desired mode of operation, Figs. 2 and 3 compare 
the theory and experimental results for two structures: a 
4-start helix of 30° angle and an 8-start helix of 35° angle, 
The 4-start helix gave the best agreement with the design 
theory and so might well form the basis of a broadband 
multimegawatt travelling-wave tube. 621.385. 1.029.6 


Gross-modulation distortion due to pulling 


effect in f.m. klystron 


A short review of an Electronics and Communications Section 
paper (2789) entitled ‘A simple investigation of the cross- 
modulation distortion arising from the pulling effect in a 
frequency-modulated klystron’, by D. T. Gjessing, B.Sc. The 
paper was published individually in January 1959 and will be 
republished in Part B of the Proceedings. The author is at the 
Norwegian Defence Research Establishment, Bergen. 


ee sepa systems, whether multi-channel tele- 
phony, broadband broadcasting or television, are subject 
to certain limitations as to the amount of useful information 
that can be handled. One of these limitations, in many cases 
the most severe, concerns the linearity of the modulator used. 

The klystron oscillator provides a convenient means of 
directly obtaining a frequency-modulated carrier, because the 
klystron can be made to handle comparatively large powers, 
it lends itself readily to frequency modulation, and it is, in 
itself, inherently a fairly linear device. 

However, even though in ideal operating conditions the 
klystron can be made linear over a relatively large band, 
the bandwidth for linear modulation is liable to be greatly 
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reduced by factors such as the frequency-pulling and echo- 





STEPS + 


distortion effects. Great attention has been paid to the effect | 


of echo distortion, while frequency-pulling distortion seems 
to have been treated less carefully. 

It is a well known fact that if the load presented toa 
klystron is varied, either in phase or in magnitude, there is 
a corresponding change in the oscillation frequency of the 


valve. A Riecke diagram, which consists of lines of constant | 


frequency plotted on a Smith impedance chart, provides a 


convenient representation of the stability of the klystron for | 


varying loads. From this diagram an expression giving the 
distortion spectrum resulting from the pulling effect can be 
derived. 

Consider a klystron connected to a mismatched load 
through a feeder of length /. Let the guide wavelength be), 
and the phase angle of the load be 6. The phase of the load 
referred to the klystron is then: 

4nl 
pe +7 a 
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A, is a simple function of the frequency of oscillation; and 
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assuming that the phase angle of the load is constant within 
a limited interval of frequency, the phase angle of the load, 
as ‘seen’ by the klystron, bears a simple relationship to the 
klystron frequency. 

It can easily be shown that the change in the phase angle 
of the load referred to the klystron resulting from a change 
in klystron frequency Af is given by: 


Af=2nT,Af ....@® 


T, being twice the group delay of the line, which is a simple 
function of the line dimensions and of the frequency. 

From the simplified Riecke diagram shown in Fig. 1, it 
can be seen that fluctuations in the effective load phase angle 
give rise to a fluctuating pulling frequency of the klystron. 
From the geometry of the Riecke diagram it can be shown 
that the pulling frequency is given by: 


sin (Ad + 6) 
1 — q)cos (Ad + #—) + (1 +4) © 





fp =e — Dpva ( (3) 


where p is the voltage standing-wave ratio of the load, p is 
the pulling figure of the valve and: 
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p, is the distance of the sink region from the operating 
point in the Riecke diagram and is measured in units of p. 
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1 Idealized Riecke diagram 





If the klystron is frequency modulated by a sinusoidal 
voltage so that the frequency variation is given by: 


Af=<facsemg .....@ 
where w, is the modulator frequency and f, the frequency 
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deviation, we have for the pulling frequency, substituting 
eqns. (2) and (4) in eqn. (3): 
sin (K cos w,t + 6) 


(1 — q) cos (K cos wat + 8) + 1 rw 





Sf, = Up — l)pv/a 


where K = 27T, fy. 
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2 Second-harmonic crosstalk as a function of the load 
mismatch, for varying K 
6 = 90° pp =4 





Expanding eqn. (5) binomially, neglecting powers higher 
than the second, we obtain an expression for /,: 


f. =4(p — 1)pF,(9) [F.(g) sin (K cos w,t + 8) 
+F;(qg) sin (2K cos w,t + 26) 
+F,(q) sin (3K cos w,t + 36)] —— 


where F;, F, etc. are simple functions of q. 

It then only remains to expand sin (Kcos w,t + @) in 
terms of Bessel functions; by introducing some simplifications 
and approximaticns, the final expression giving the mth- 
harmonic distortion component relative to the fundamental 
can be written as: 


8(p — l)pV/q ’ nt 
= ate | 34) sin (8 + >) 
1,1 —q ’ nt 
5 Tg) set) sin(28 + 5) (7) 
In Fig. 2, D, is plotted to the base of load v.s.w.r. on a 
logarithmic scale. To reduce the number of independent 
parameters, p/f, appears as a factor in the ordinate. A family 
of curves is obtained by varying the parameter K. It should 
be noted that the values of D, correspond to the phase 
angle @ giving a maximum second-harmonic distortion. From 
eqn. (6), if 8 is made zero, the second-harmonic crosstalk 
(and all even harmonics) vanishes; this is not so for the third 
harmonic. The third-harmonic distortion, however, is far less 
severe even for unfavourable phase angles. 
Even small reflections give rise to sizeable crosstalk if the 
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feeder connecting the modulator to the load is not extremely 
short. Therefore, if one wishes to dispense with a power 
amplifier, it is advisable to connect a well designed uniline, 


Subscriber trunk dialling 


A short article based on an Electronics and Communications 
Section paper (2795) with the above title, by D. A. Barron, 
M.Sc., Member. The paper was published individually in 
November 1958 and will be republished in Part B of the 
Proceedings. The author is in the Post Office Engineering 
Department. 


HE inauguration of subscriber trunk dialling by Her 
Majesty the Queen at Bristol in December 1958 marked 
a major step forward in trunk telephone operation in the 
United Kingdom. (Fig. 1 shows the Queen making the first 





1 The Queen makes the inaugural call 


call.) Until then, trunk calls had always to be set up by an 
operator, and originally operators had to be used at all trunk 
switching-points. 

Just before the Second World War ‘semi-automatic’ opera- 
tion enabling trunk operators to dial calls direct to distant 
subscribers was introduced, and about 50% of the trunk 
traffic is now handled on this basis. However, it is only by 
the use of fully automatic operation that the best, fastest, 
and cheapest trunk services can be provided. 

Planning for full automation of the telephone service in 
the United Kingdom has involved the establishment of a 
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or some sort of load isolator, directly to the modulator 


The matching of the isolator need not then, from the poin 


of view of crosstalk, be very good. 621.385.1.0296 


national numbering plan and the development of automatic 
equipment to replace the operators’ functions, notably for 
the control of routing and charging. The scheme makes 
possible radical changes in the tariff structure, and the savings 
in the cost of operating the system enable reductions to be 
made in s.t.d. areas in the charges for both local and sub. 
scriber-dialled-trunk calls. 

The new arrangements are expected to be introduced at 
more than 100 other centres by the end of 1961, and it js 
expected that by 1970 not less than 75% of all trunk calls 
will be dialled by subscribers. 


Grace first 


Unless sufficient trunk circuits could be 
made available at a reasonable cost, a 
national dialling scheme could not be intro. 
duced. The great advances made in line 
transmission in the post-war years, notably 
in the carrier and coaxial-cable fields, make 
this possible. The United Kingdom scheme 
contains a number of special features based 
on new, entirely British, developments, 
which—it is confidently believed—will make | 
it one of the best on earth. 

The routing and charging equipment 
installed at Bristol for s.t.d. calls is the first 
electronic installation of this nature in the 
world. Both that apparatus and _ other 
exchange switching and signalling equip- | 
ments now under development, to provide 
for the further extension of s.t.d., have been 
produced under the arrangements which 
exist for joint co-operative development 
between the Post Office and the leading 
manufacturers of telephone-exchange plant 
in the United Kingdom. 

The digits dialled by the subscriber— 
i.e. the national number of the required 
subscriber—provide the equipment with the | 
necessary information to determine routing | 
and charging. The national numbering scheme has been | 
designed to consist essentially of an access digit ‘0’ which 
connects the subscriber to the control apparatus, followed 
by one, two, or three code digits to indicate the group of 
exchanges containing the desired exchange, followed again by 
any digits necessary to identify the particular exchange it § 
that group, and then the local number. 

A national number may contain eight, nine, or a maximum | 
of ten digits, including the access digit. Since January 198 


a 


DUES 


charging has been on a group-to-group, instead of exchange | 


to-exchange, basis; and the control equipment, knowing if 
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from the code digits which objective group is required, can 
immediately determine both the charge rate and the routing. 


The controlling equipment 

The controlling equipment, known as Grace—Group 
Routing and Charging Equipment—is essentially a register- 
translator; i.e. it stores or registers the dialled information 
and changes or translates it into the form best suited to 
control the operation of switches to 
route the call to its destination. 

The electronic-type apparatus de- 
veloped for use at Bristol and other 
similar centres uses cold-cathode tubes 
interconnected by selenium-rectifier 
gates for storage, counting and code 
identification. Each digit store com- 
prises a group of five tubes, on which 
the digit is stored in a two-out-of-five 
code. A translator works at high 2 
speed, and one of them can serve 
up to 40 registers. In other words, it 
can deal with the setting up of 40 
calls simultaneously. A register is only associated with a 
particular call while that call is being set up—then it is 
released to deal with another. Fig. 2 shows details of the 
register construction used at Bristol. 

The Grace register-translators designed for London and 
the other largest cities are based on magnetic-drum tech- 
niques. A Qin. nickel-coated-aluminium drum forms the 
system memory, and individual registers are allotted sections 
of track on its surface as digit stores. Translation information 
is provided on other tracks on the same drum. Dialled pulses 
are stored in binary code in their appropriate positions on 
the drum surface. 

Common electronic circuits, working on a time-division 
system synchronized with the drum, are used to ‘write in’ 
digits, refer these digits to the translation ‘library’, transfer 
the translation to its appropriate register track section and 
transmit this information as Strowger pulses. A single drum 
with its common control circuits provides 48 registers com- 
plete with translation facilities. 


The charging system in s.t.d. areas 

The system of charging to be applied to subscriber-dialled 
trunk calls is known as ‘periodic metering’ and involves the 
registration of a single ‘unit fee’ at intervals throughout the 
duration of the call. The interval varies with the chargeable 
distance appropriate to the call in question. There will be 
only three trunk rates, and on the introduction of the new 
system the unit fee will become twopence. The new s.t.d. 
trunk tariff will be: 


up to 35 miles, 30sec for 2d. 
from 35 to 50 miles, 20sec for 2d. 
over 50 miles, 12sec for 2d. 


On trunk calls the unit fee will buy half as much time again 
during certain cheap-rate periods. These are: Monday- 
Saturday (inclusive) 6 p.m.—6 a.m. next day; Sunday, 2 p.m.- 
6a.m. Monday. 
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To dial a call and ask for the person you want or to arrange 
for him to ring you back costs only a few pence in the s.t.d. 
system and will usually be cheaper than the normal personal 
or transferred-charge call services. However, if they prefer to 
do so, subscribers can still obtain these services via the 
operator by dialling 100. 

The register automatically sets the Grace metering control 
equipment for the correct metering rate, and one meter pulse 





The register removed from the rack, showing its leaf construction 


is sent to operate the calling subscriber’s meter immediately 
the call is answered. This pulse, in effect, charges for the 
first interval of time, whatever the interval may be. Each 
pulse supply has a frequency which is six times that of the 








3 The new ‘pay on answer’ coin box 


corresponding metering rate, and as soon as an answer signal 
is received a mechanism in the control equipment starts to 
count these supply pulses. 

This mechanism is so arranged that it first sends out a 
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meter pulse when the seventh supply pulse is received, and 
thereafter sends a meter pulse for every six supply pulses 
received. The subscriber is thus safeguarded against any loss 
of paid time, such as might arise if the metering pulses were 
of random incidence. 

With the introduction of group charging on the Ist January 
1958, the local-call area was extended, and the charge for 
an untimed call from a subscriber was made 3d. This fee 
could not have been reduced unless timing were introduced, 
and this, in fact, will be done in s.t.d. areas. The unit fee of 
2d. for local calls will buy three minutes’ time—six minutes’ 
time during the cheap-rate periods. Accounts will be rendered 
to s.t.d. subscribers quarterly instead of, as at present, half- 
yearly. This is possible because the work involved is less. 

For the convenience of those subscribers who require 
information about the charge for individual calls at the time 
they are made (this applies particularly to hotels and clubs), 
meters have been designed for fitting to telephone installa- 
tions at trunk-dialling subscribers’ premises on a rental basis. 
They indicate both the number of chargeable units for 
individual calls, on a pointer which can be reset, and a 
cumulative total, rather like the total and ‘trip’ mileage 
indications on car speedometers. 


The new coin box 


A new coin box, using a ‘pay on answer’ system, enables 
users of call-offices and coin-box telephones in subscriber’ 
premises to dial their own trunk calls in s.t.d. areas. Contro} 
by buttens A and B, as used on the existing coin boxes, has 
been eliminated. Fig. 3 shows the new coin box, which jg 
expected to be introduced in Bristol by about the middle of 
1960. 

This is another all-British development, using new prip. 
ciples of control, and is entirely automatic. A user will be 
able to set up a call before inserting any money—he will, ip 
fact, be prevented from inserting money by a special device 
which closes the coin slots until the call has been answered, 
The coin slots will then open, a new and easily recognizable 
tone called ‘pay tone’ will be heard, and after the insertion 
of one or more coins in the 3d., 6d. or 1s. slots conversation 
can begin. 

The duration of the conversation will depend on the 
amount of time paid for, the tariff being the same as that for 
ordinary s.t.d. subscribers, except that the unit charge wil] 
be 3d. instead of 2d. Time can be extended by inserting 
additional coins, a warning tone being given shortly before 
the time already paid for expires. 621,395.34) 





Q-factor measurements on electromagnetic | 


resonators 


A brief article based on an Electronics and Communications 
Section paper (2847) entitled ‘A method for the measurement of 
very high Q-factors of electromagnetic resonators’, by F. H. 
James. The paper was published individually in January 1959 
and will be republished in Part B of the Proceedings. The author 
is with the European Organisation for Nuclear Research, 
Geneva. 


HREE particle accelerators for the attainment of very 

high energies are under construction in the world at 
present. The largest accelerator is being built in the Soviet 
Union, and its final particle energy will be 50-60GeV. The 
Brookhaven accelerator in the United States will have a final 
particle energy of 25-30GeV, and a proton synchrotron of 
25GeV is being constructed at Geneva in Switzerland. 

The Geneva machine will be the result of the co-operation 
of 12 European countries who have worked together for at 
least six years in the organization known as C.E.R.N. to 
produce this nuclear-research tool. A smaller machine, the 
600 MeV synchrocyclotron, has already been built at C.E.R.N. 
and has been functioning for some time. 

The C.E.R.N. proton synchrotron will accelerate protons 
from an initial energy of 50 MeV to a final energy of 25GeV. 
These 50 MeV protons will be supplied by a linear accelerator 
consisting of three resonant cavities. Part of the second 
cavity is shown in Fig. 1. By supplying these cavities with 
pulsed r.f. power at approximately 200 Mc/s, and by injecting 
a pulsed proton beam into the first cavity, it is expected that 
peak currents of milliamperes of protons having an energy 
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of 50MeV will be obtained at the output end of the third | 
cavity. 


Accuracy is difficult 
In order to ensure that the sources of r.f. power will be 
sufficient, these resonant cavities are subjected to a measure 





{ 
1 Lower half of the interior of the second cavity in th © 
C.E.R.N. linear accelerator, showing some of the drift tubes © 


PEP 


ment programme (known as Q-factor measurement) which 5 
determines the r.f. losses. Owing to the facts that the Q-factos by 
are very high (105) and the dimensions of the resonators vey © 
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large (the smallest resonator is approxi- 
mately 1m in diameter and 5-5m in 
length), there are difficulties in the way of 
accurate measurement. 

To illustrate the difficulties, it is necessary 
to explain the meaning of the Q-factor. 
Consider a resonator which is supplied 
with r.f. power at frequencies near the 
resonant frequency of a particular mode of 
oscillation of the resonator. If the r.f. power 
level in the resonator is monitored and the 
rf.-generator frequency is measured, two 
frequencies, One on each side of the re- 
sonant frequency, will be found for which 
the power level in the resonator is exactly 
one-half of the power level at the resonant 
frequency. The difference between these two 
frequencies, when divided into the resonant 
frequency, provides a measure of the 
Q-factor. 

It is easy to see that if the resonant 
frequency or the r.f.-generator frequency 
should change during a measurement, the 
result will not be accurate. Also, if there 
should be some inexactitude in the device 2 
used to determine the resonator power 
level, the result will be subject to error. 

Fortunately, there is a much more direct method available 
for these measurements, namely the one described in the 
paper. An amplitude-modulated wave is used to excite the 
appropriate mode in the resonator. When the sidebands of 
this amplitude-modulated wave reach the two frequencies on 
either side of the resonant frequency described above, a low- 
frequency phase measurement can be used in place of the 
power measurement, and the modulation frequency can be 





General view of the C.E.R.N. linear accelerator 


Provided that the carrier frequency of the amplitude- 
modulated wave coincides exactly with the resonant frequency 
of the mode of the resonator, the phase shift of the modula- 
tion component of the amplitude-modulated wave depends 
only on the Q-factor of the mode. This method converts the 
h.f. measurement into an I.f. phase measurement, and for 
resonators of these dimensions the technique has been 
employed with great success. 621.317.337 


used instead of the difference between the two r.f. values. 


Turbogenerator performance 


The generally used normally inactive electro-mechanical 
voltage regulators have a dead band of approximately +0-°5% 
voltage over which the regulator is insensitive. The recently 
developed high-response magnetic-amplifier-type regulators 
are continuously acting, with virtually no dead band of 
voltage, and it was claimed that they would allow generators 
to be operated considerably beyond the previously accepted 
leading-power-factor limits. If this was true, it also appeared 
that a reduction in the generator short-circuit ratio would be 
possible, and this in turn would result in some capital savings. 

Clearly, verification and quantitative data of the per- 
formance of the continuously acting regulator were necessary, 
and tests were carried out at Stella North power station 
near Newcastle upon Tyne in 1957. 


A brief account of a Supply Section paper (2846) entitled 
‘Turbogenerator performance under exceptional operating 
conditions’, by T. H. Mason and P. D. Aylett, Ph.D., 
M.Sc.(Eng.), Associate Members, and F. H. Birch, B.Sc.(Eng.), 
Member. The paper was published individually in January 1959 
and will be republished in Part A of the Proceedings. Mr. Mason 
and Mr. Birch are, and Dr. Aylett was formerly, with the 
Central Electricity Generating Board. Dr. Aylett is now in the 
Department of Electrical Engineering, Brunel College of 
Technology, Acton. 


bees extension of high-voltage transmission networks and 
urban cable systems in Great Britain is creating a con- 
siderable increase in the capacitive load to be met at night 
and at weekends, when the active load is small. It was 
necessary, therefore, to investigate the limits to which turbo- 
generators could be operated at leading power factors, 
especially under automatic regulator control of excitation. 


Steady-state operation 


The limits of operation as determined from tests on hand 
control and with two types of automatic voltage regulators 
are shown in Fig. 1. Owing to the step-up transformer 
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impedance drop, the generator terminal voltage tends to fall 
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results as plotted have been adjusted for rated Voltage 





With the generator on load, 
the speed of response of the two 
regulators was determined fo, 
sudden changes of voltage in the 
regulator control-coil circuit 
Also, the operation of the reactive. 
power limiters was tested, and 
one such result for a —10% 
voltage step change with the 
continuously acting regulator js 
shown in Fig. 2. Initial rates of 
change of reactive power for the 
normally inactive and contin. 
ously acting regulator are 
10MVAr/s and 20 MVAr/s respec. 
tively. 

To determine whether excessive 
stator core-end temperatures 
might limit leading-power-factor 
operation of generators, tests 
were made at Stella North and 





Marchwood power stations on 
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has a significant bearing on the cost of the 
generator and on the transport weight. 


Asynchronous operation 

If a generator operates without excita- 
tion applied to the field winding, it runs 
at a speed slightly above synchronous 
speed, the output depending on the slip. 
As shown in Fig. 4, the power/slip curves 
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° P COUPLE 
are similar in shape to those of an induc- 


tion motor, the peak output depending 
on machine voltage and rotor-winding 
connection. Curve a was obtained with a 
step-up transformer tapping giving a 
relatively high machine voltage, a discharge 
resistor being connected across the rotor 
winding, in line with modern practice. The 
outputs are about 50 % greater than those 
for curve b, which corresponds to a more 
normal machine voltage. 

It was found that in normal voltage 
conditions, in order not to exceed rated 
values of stator current and full-load 
rotor losses, the load would have to be 
restricted to about half the rated value 
if continuous asynchronous operation 
were required. 
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Out-of-step and resynchronizing criteria 
Operation of a turbogenerator with ex- 3 
citation below that necessary to maintain 
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Core-end heating with magnetic and non-magnetic end-rings 





steady synchronous operation was carried 
out. Pole-slipping, resulting in oscillations of power and 
excitation, is most undesirable; and the tests demonstrated 
that synchronism can be regained if the excitation is 
increased above critical values, although if the slip exceeds 
41% a reduction must also be made in the power input 
to the turbine. 

Based on certain assumptions, resynchronizing limits 
relating power output and field current were calculated and 
found to be in reasonably close agreement with the tests. 
Self-synchronizing 

Synchronizing a turbogenerator without the usual synchro- 
nizing equipment has been practised in parts of Eastern 
Europe for some years. The method was investigated at 
Stella by running the machine at about synchronous speed 
with the field breaker open, closing the machine and step-up 
transformer onto the busbars, and after a short interval 
closing the field breaker. 

The limits of speed outside which self-synchronizing should 
not be used are of the order of —5°% and +1% slip, although 
a positive slip of 5% might be permissible if the turbine is 
run on the by-pass valve to restrict sudden load pick-up and 
Possible water carry-over from the boiler. There was an 
initial peak magnetizing current of three to four times rated 
Value in the first cycle or two after switching on; however, the 


Voltage dips for such a short duration are unlikely to be 
troublesome, 
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Power|slip characteristic of (0 MW turbogenerator 


a Tap 15 with field discharge resistor 

b Tap 5 with field discharge resistor 

c Tap 15 without field discharge resistor 

d Tap 5 without field discharge resistor : 

e Tap 15 with field discharge resistor and non-magnetic rotor 
end-rings 
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Self-synchronizing could, therefore, be adopted as a 
method of synchronizing in an emergency. With repeated 
use, however, there is a possibility of the forces exerted on 


connection is under consideration. 


the stator winding, due to the peak currents, eventually 
causing failure of the windings. Further testing in this 


621.313.322-81.0779 


Electronic servo simulator 


A brief account of a Graduate and Student Section paper with 
the above title, by A. J. S. Davidson, B.Sc., Graduate. The 
paper is the Chairman’s Address to the North Scotland Graduate 
and Student Section, delivered at Aberdeen on the Ist November 
and at Dundee on the 8th November 1957, and it was awarded 
a Premium by the Council. The author was formerly at Queen’s 
College, Dundee, and is now with the Physics Division of 
Atomic Energy of Canada Ltd., Ontario. 


o study some criteria for the optimum response of a non- 
linear third-order servomechanism, an electronic servo 
simulator was constructed. The simulator has an accelerated 
time scale and operates repetitively so that the servo response 
to a step input may be displayed on a cathode-ray tube. 
Resistance-capacitance coupling is used in the amplifiers, 
which does away with the need for a negative d.c. supply. 
The disadvantage of RC coupling is that, unless the low- 
frequency cut-off point is carefully designed, the loop can 
become unstable. The basic amplifying stage uses miniature 
high-gain pentodes with a triode cathode-follower output. 
Multiplication and squaring are done by multi-grid valves 
in parallel fed with signals in opposing phase. When a multi- 
grid valve is operating linearly, the anode current i, is 
given by: 
i, = K,v, + K3v3 + K,,%%3 


where v, and v; are the signals at the two control grids and 
K, and K, vary with the d.c. bias on the control grids. 


SYNOPSES OF PAPERS 


If two such valves are arranged in parallel and signals jp 
opposite phase applied to them, the anode currents in the 
valves are given by: 

j 


al 


Kyiv, + K3¥3 + Ky203 


I 


ing = —Kjv, — K3yv3 + Ky0 123 

By varying the bias on the control grids, K, can be mag 
equal to K; and K3 made equal to K3. Thus the curren: 
through the load resistance in the anode circuit is given by: 


i, = (Km + Km)v,v3 


which gives an output voltage proportional to the product 
of the input voltages. The valves used are dual-contro| 
heptodes. 

Some of the measurements on the simulator requir 
multiplication by time. Because of the repetitive nature of 
the solution, time can be represented by a sawtooth wave. 
form, which can be generated by a thyratron circuit triggered | 
in synchronism with the repetitive square-wave fed to the | 
simulator. 

From the simulator an error voltage v,(t) is obtained which | 
represents the difference between the output and the ina | 
at the analogous physical system. Using the multiplying | 
circuits, functions such as v2(t) and tv2(t) may be obtained 


The integrals of these functions may be used as a measure of § 


the performance of a servomechanism. 
621-526 : 621.317 





THE following are synopses of papers published in the Proceedings which have not been read at Institution meetings and which have not ber 
reviewed in the Journal. They are included here primarily for reference. The papers have not been published individually, as have those for reading } 


meetings, but reprints will be available shortly 


Overhead lines at 66kV and above 


A synopsis of a review of progress (paper 2683) entitled 
‘Transmission and distribution at 66kV and over: overhead 
lines’, by P. J. Ryle, B.Sc.(Eng.), Member. The review was 
published in October 1958 in Part A of the Proceedings 
(105A, p. 512). The author is with Merz and McLellan. 


T ‘HE review covers the period which has elapsed since 
the last review on a similar subject in 1941. 


Conductors 
In general, economic considerations continue to favour 
steel-cored aluminium rather than its traditional rival, copper. 
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’ 
For a given equivalent cross-section, it costs less than coppet. | 


and, at the highest voltages where corona considerations # i 
lower limits to conductor diameter, the larger diameter 7 


steel-cored aluminium remains decisive. Against it is the fac 
that in certain coastal and heavily industrialized areas co © 
rosive effects between the galvanized-steel core and ty 
aluminium may be serious; trouble due to this is limited 
extent, but preventive measures are sometimes justified. : 
Research into conductor vibration itself and into preventict 3 
of vibration trouble remains active. Very extensive servit’ 
experience on the Grid continues to demonstrate the efficien) | 
of vibration dampers of the Stockbridge type. si 
The thermal current-carrying capacity of conduct) 
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(sometimes of significance for heavily loaded short lines) 
has, in view of the number of variables involved, for long 
teen rather debatable but is now put on a sound basis. 


Insulators 

The toughened-glass insulator, first introduced shortly 
before the Second World War, is now very well established 
for overhead-transmission work and continues to be economi- 
cally and technically competitive with the porcelain insulator 
up to the highest voltages. Apart from this and from pro- 
gressive development in the directions of increased strength 
and reliability, the insulator field in general has shown no out- 
standing advances or radical design changes in the period 
under review. 

Owing to the overriding effects of surface pollution, efforts 
to control the voltage distribution over an insulator string 
by means of guard rings are now accepted as largely futile, 
and the tendency is towards abandoning all electric control 
fittings except straightforward arcing horns at the line end; 
such horns are intended to protect the conductors, rather 
than the insulators, from the effects of power arcs. 


Supports 

There have been no outstanding changes in the outline of 
steel towers, but the economic advantages of high-tensile steel 
are now evident. For minimum weight, the hypothetically 
ideal tower would be constructed mainly of tubes, but the 
cost of tubes per ton (compared with that of ordinary rolled- 
steel angles) and the difficulties of galvanizing and of making 
simple and cheap connections between members, combine 
to keep tubular construction out of the competitive field. 

The tendency to reduce assumed ‘broken conductor’ longi- 
tudinal loads in tower design continues; a very reasonable 
degree of security against abnormal conditions, for work 
oversea where ice-loading conditions are unknown, is possible 
at insignificant cost. 

Design checking by full-scale tower tests is a thoroughly 
well established British practice, insisted on wherever possible. 


Types of line 

At voltages over, say, 220kV, considerations of corona and 
possible radio interference favour the adoption of multiple 
conductors, which have the additional advantage (for long- 
distance transmission) of increased power-transfer capacity 
and stability. Although large single conductors are not 
impossible, twin conductors are generally accepted in the 
range 220-330kV; above 330kV the choice between twin, 
triple or quadruple conductors is, judging by world develop- 
ment, still an open one. The best design and span distribution 
of spacers for multiconductor lines must still be regarded 
as subjects of research and field experience. 

In bad lightning areas the risk of simultaneous two-circuit 
faults strongly favours two separate single-circuit lines rather 
than one double-circuit line, but in many developed parts 
of the world the ever-increasing difficulties of finding accept- 
able routes at all often makes the cheaper but less reliable 
double-circuit line virtually unavoidable. 
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Lightning performance 


Much valuable investigation into lightning has been done, 
especially in respect of collection and analysis of statistics 
from large-scale experience. Foreign findings in regard to 
lightning vulnerability of double-circuit lines in the region 
of 300kV have been somewhat sobering in relation to early 
forecasts, and the results of long-term experience with 275kV 
lines in the United Kingdom will be awaited with great 
interest. 


Regulations and standards 

The position as regards the revision of the existing Overhead 
Line Regulations EL. C53 (1947 revise) is briefly discussed 
in the review, and reference is made to the publication of 
a very useful report on the electrical characteristics of oyer- 
head lines. The review calls attention to new or modified 
British Standards wherever applicable and concludes with 
a bibliography of relevant British papers, articles and reports 
published in the period covered. 621.315.17 


Measurement of inductances of 
electrical machines 


A synopsis of a Measurement and Control Section paper (2871), 
‘A method of measuring self-inductances applicable to large 
electrical machines’, by Prof. J. C. Prescott, D.Eng., and 
A. K. El-Kharashi, B.Sc. The paper is published this month in 
Part A of the Proceedings. Prof. Prescott is Professor of 
Electrical Engineering, King’s College, Durham, and Mr. 
El-Kharashi is in the Department of Electrical Engineering 
there, on study leave from Ain-Shams University, Egypt. 


2 authors describe a method of determining the self- 
inductance of a circuit by direct measurements made at 
the circuit terminals. The method appears to be particularly 
useful where the circuit currents are larger than 10amp, and 
the application of the method to the determination of the 
magnetic constants of a synchronous machine is presented. 
621.313.32 : 621.317.334 


Starting of 3-pliase induction motor 
on single-phase supply 


A synopsis of a Utilization Section paper (2860) entitled ‘The 
starting of a 3-phase induction motor connected to a single- 
Phase supply system’, by J. E. Brown, B.Sc., Ph.D., Associate 
Member, and C. S. Jha, B.Sc., Graduate. The paper is published 
this month in Part A of the Proceedings. The authors are in the 
Department of Electrical Engineering, University of Bristol. 


nae eget theory is used to express the 
relationship between the starting performance of a 3-phase 
induction motor when connected to a single-phase supply 
system and its normal starting performance in terms of two 
dimensionless parameters. Performance characteristics appli- 
cable to machines of any rating are computed for a range of 
values of the two parameters, and various conditions for 
optimum operation are established. 
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Accepted measures of starting quality are discussed 
critically, and a new criterion relating starting torque and 
stator copper loss is proposed. It is shown that best starting 
performance is given by a phase convertor which simulates 
balanced 3-phase conditions in the machine, and experiments 
on a typical motor indicate that the corresponding run-up 
performance is likely to be satisfactory. 621.313.333 


Performance of capacitor motor 
predicted by analyser 


A synopsis of a Utilization Section paper (2851) entitled 
‘Performance calculations of the capacitor motor using the 
transformer analogue analyser’, by M. K. E. Ismail, B.E., 
Ph.D., and B. Adkins, M.A., Member. The paper is published 
this month in Part A of the Proceedings. Mr. Adkins is, and 
Dr. Ismail was formerly, in the Electrical Engineering Depart- 
ment, Imperial College of Science and Technology, University 
of London. 


ies paper describes a method of using a transformer 
analogue analyser to determine rapidly the currents and 
torque of the single-phase capacitor motor from its design 
constants, by direct reading on the analyser with very little 
auxiliary manual computation. The basic method assumes 
no saturation and gives the same results as are obtained by 
the slide-rule calculations in common use. With the analyser, 
however, the effect of changing any of the constants can be 
determined very quickly once the analyser is set up. 

In the second part of the paper, a method of allowing for 
saturation is described. 

Test results on a capacitor motor are compared with 
calculations made both with the analyser and by manual 
computation. 621.313.333 : 621.317.79 


Flanges on waveguide 


A synopsis of an Electronics and Communications Section 
paper (2874) entitled ‘The effect of flanges on the radiation 
patterns of waveguide and sectoral horns’, by P. C. Butson, 
M.Sc., and G. T. Thompson, B.Sc.(Eng.), Associate Member. 
The paper will be published in Part B of the Proceedings. The 
authors are in the Research Laboratories of the General Electric 
Co. Ltd. 


EASUREMENTS are given. of radiation patterns of open- 

ended rectangular waveguide with conducting flanges 
attached to the long edges of the aperture. In particular, the 
considerable effect of different flange lengths and included 
angles on the E-plane patterns is examined; these measure- 
ments are made at three frequencies in order to supplement 
data, already published, describing measurements made at a 
single frequency. 

A suggestion that the E-plane radiation pattern can be 
approximated by the radiation pattern of a primary source 
and two secondary sources near the end of the flanges has been 
substantiated if a suitable obliquity factor is assumed. Some 
E-plane patterns of flanged H-plane sectoral horns are also 
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given. It is found that there are differences between they 
patterns and those of similarly flanged waveguide. 
The effect of flanges on the H-plane patterns of an E-plane 


sectoral horn is small. 621.396.677.73 : 621.3723) 


Cylindrical cross-capacitor 
for standard 


A synopsis of a Measurement and Control Section paper (2887) 
entitled ‘The cylindrical cross-capacitor as a calculable stay. 
dard’, by A. M. Thompson. The paper will be published in 
Part B of the Proceedings. The author is in the Division of 
Electrotechnology, National Standards Laboratory, C.S.1.R.0, 
Australia. 


A™ of cylindrical capacitor is described for which the 
capacitance per unit length may be computed with ver 
great precision. It consists of a hollow conducting cylinder 
divided into four insulated sections by gaps parallel to jts 
axis. The defined capacitance is the direct capacitance 
between pairs of internal opposing faces of the cylinder, [f 
the two capacitances so obtained are equal, both are equal 
to log, 2/47 e.s.u./em whatever the shape of the cros- 
section of the cylinder. 

If the two cross-capacitances are not quite equal, the mean 
capacitance per unit length is very nearly equal to the above 
value. A measurement of the effective length of the capacitor 
is the only mechanical measurement required for the con- 
putation of the mean cross-capacitance. | 

The length may be defined by using guard electrodes, and : 
techniques are described for eliminating uncertainties in the 
position of the guard gaps. An alternative is to measure the 
change of capacitance for a known movement of a terminz 
ting shield. 

An experimental capacitor constructed from round ban 
is described. The computed capacitance (1 pF) agreed to 
1 in 105 with the capacitance measured in terms of standards 
of resistance and frequency. 621.317.33 : 621.319.42: 38916 





Diagram calculator for | 
phase-sequence components 


A synopsis of a Measurement and Control Section paper (2762) | 
entitled ‘A note on the diagrammatic estimation of phas- 
sequence components’, by F. de la Court Chard, M.Sc., Membe. § 
The paper is published this month in Part A of the Proceeding. © 
The author is in the Electrical Engineering Departmen, 
University of Bristol. ; 
fb evaluation of symmetrical components is arithmeticall 7 
tedious, and a graphical estimation by the usual metho! f 
involves three separate graphical constructions, one for eat ki 
component. Genesio has shown that a modification of th | 
equations makes it possible to determine all three compe F 
nents by means of a single graphical construction. Ths § 
method is here extended to the construction of a diagnt 
calculator by means of which the three components can lt | 
read from a single setting of two Perspex discs. The reves 
determination of the unbalanced system from a set of compe a 
nents is also possible. 621.3012" 
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THE JUNCTION TRANSISTOR AND ITS 
APPLICATION 


From E. WOLFENDALE, B.sc.(ENG.), ASSOCIATE MEMBER 


in reply to Mr. Wells (March Journal, p. 170), I appreciate 
the difficulty in understanding semiconductors. I experience 
the same difficulty, and hence my starting-points as outlined 
in my letter in the February Journal (p. 106). To gain a better 
understanding, we have to delve deeper into solid-state 
physics. Mr. Wells says ‘normal room conditions cause 
excitation and a resistivity of the order of 100ohm-cm’, It is 
this excitation which reveals to us the hole and its properties. 
To explain this I would like to quote freely from T. B. 
Watkins’s chapter on transistor physics in a book* of which 
I was the editor. 

‘In a single atom, it is well known that the orbital electrons 
can only have discrete values of energy. 

‘Each energy level contains a certain number of states, and 
according to the Pauli exclusion principle each state may be 
occupied by one electron only. This means that each energy 
level may not be occupied by more than a certain definite 
number of electrons. When the atom is in its normal, or 
ground, state, the energy levels are filled from the bottom 
upwards. 

‘This representation may be extended to the case when a 
group of atoms are brought together to form a crystal. When 
the atoms are far apart, the energy levels are, of course, the 
same as those for single atoms, but now each energy level 
for the group can contain N times as many electrons as in the 
single case, where N is the number of atoms which form the 
crystal. 

‘As the atoms approach each other, the levels change, and 
the outer energy levels broaden into bands. The inner levels 
are discrete, and this indicates that the inner electrons are 
associated with definite atoms; while the bands indicate that 
the outer electrons are associated with the crystal as a whole. 
We shall be concerned chiefly with the two outer bands, called 
the conduction and valence bands. The valence band contains 
those electrons which in the physical structure are called 
bonding electrons. This band is fully occupied when it 
contains 4N electrons, as there are four valence electrons for 
every atom. In the case of the perfect crystal, the valence 
band is full and the conduction band empty. Between the 
two bands is the forbidden energy gap, so called because 
there are no permissible states in that energy range. In the 
case of germanium, the energy gap is 0-72eV and in silicon 
1-03eV at room temperature. 

‘As the temperature is raised above absolute zero, some 
Valence electrons gain sufficient thermal energy to jump the 
energy gap into the conduction band. In the physical picture 
this corresponds to a valence electron breaking free from the 
bond and becoming free to move through the crystal. The 
valence band is thus no longer full, there being a vacant space 


* ‘The junction transistor and its applications’ (Heywood, 1958) 
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CORRESPONDENCE 








at the top of the band for every electron which has jumped 
to the conduction band. The vacant spaces are holes. 

‘A hole is thus a vacancy near the top of the valence band. 
When a field is applied, this vacancy moves as if it had a 
positive charge of the same value as that of an electron and 
a positive mass somewhat different from that of an electron. 
The mobility and mean free paths of holes and electrons are 
of the same order. Why a hole should behave in this manner 
is very difficult to see, and no simple picture can be given 
which does not have serious objections. The correct method 
is to consider the current due to all the electrons in the 
valence band. When full, there can be no net current, but 
when there is a vacancy there is a resultant current. By taking 
into account the properties of the top of the band, the effective 
behaviour of the vacancy can be derived. 

‘The effective mass of a hole is complicated by the complex 
properties of the top of the band; but when conduction is 
considered, an average value may be taken. For germanium 
it is 0-25 (19 = free electron mass). Although it is compli- 
cated theoretically, once the basic properties of a hole have 
been accepted a very simple picture of conduction in a 
semiconductor is possible. 

‘When a voltage is applied across a germanium crystal, the 
electrons move towards the positive electrode and the holes 
to the negative electrode. The velocities of these carriers 
towards the electrodes do not keep on increasing as they 
would in a vacuum but have a definite average value, which 
is directly proportional to the field produced by the applied 
voltage. This is due to collisions which occur in the crystal 
and which cause the carrier to lose all the additional velocity 
it acquired by acceleration in the field. These collisions are 
the mechanism of electrical resistance.’ 





MONOGRAPHS 
published individually this month 


Efficiency of a ferrite as a microwave mixer 
L. LEWIN 


A METHOD proposed by the Services Electronics Research Laboratory 
is analysed in detail, and expressions are derived for the efficiency 
in a variety of conditions. It is shown that, subject to reasonable 
limitations on the intermediate-frequency spacing, a polycrystalline 
ferrite should behave in many ways like a single-crystal sample and 
that the S.E.R.L. measurements on magnetization can be explained 
by assuming a basic line width of a few gauss and a spread in 
resonant fields from point to point in heterogeneous samples. 
Owing to a remarkable property of the structure of the formulae, 
this spread in resonance does not degrade the effective permeability, 
although the measured value is reduced by a factor of about a 
hundred. 

On the figures presented, the tentative conclusion is reached that 
the conversion efficiency is some 14dB worse than acceptable 
conventional crystals will give, although the figures may be capable 
of improvement. No calculations are made on noise figure. 


Monograph 332 £ 
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OBITUARY 


CYRIL WILFRED COSGROVE 


Cyril Wilfred Cosgrove, B.Sc.(ENG.), who died suddenly from 
coronary thrombosis on the 3rd November 1958, was born on the 
30th March 1898. He was educated at the Stationers’ School, 
Harringay, and Southgate County School, Palmers Green. After 
a short period serving in the 1914-18 War, he studied at Finsbury 
Technical College, where he obtained the B.Sc.(Eng.) degree. 

In 1922 he joined the staff of the M.O. Valve Co., Hammersmith, 
and in 1929 became factory superintendent in charge of the radio- 
valve development and technical processes. He was appointed 
assistant manager of the company in 1941 and manager in 1950. 
Following the reorganization of the company in 1951, he became 
assistant general manager and, in 1953, general manager of the 
Osram group of factories. 

In his younger days he was a keen tennis player; in later years he 
took up golf, which he followed with the same vigorous enthusiasm 
which he displayed in everything he undertook. His personal 
qualities of integrity endeared him to his many friends and colleagues, 
and his successive steps in responsibility left him entirely unspoilt 
to the end. He is survived by his widow and a married daughter. 

Cosgrove joined The Institution as an Associate Member in 1930 
and was elected a Member in 1945. His paper entitled ‘Modern 
receiving valves: design and manufacture’, written jointly with 
M. Benjamin and G. W. Warren, which was published in the 
Journal in 1937, was awarded a Duddell Premium. He served on the 
Wireless Section Committee from 1941 to 1944. F. S. 











ALBERT WILLIAM DAVIES 


Albert William Davies, who died on the 12th August 1958, was 
born in South Wales and received his early education there. He 
served an apprenticeship with the Shelton Iron, Steel and Coal Co. 
and gained further experience with W. H. Allen and Sons, Bedford. 
In 1896 he joined Mavor and Coulson Ltd., Glasgow. After a 
short period on the shop floor, his exceptional qualities were 
recognized, and by 1903 he had passed through the various grades 
of management to works manager. 

During the 1914-18 War he was closely associated with building 
the original armoured cars and with shell production, in which he 
became an acknowledged expert. He joined the board of the com- 
pany in 1920 as works director and served in this capacity until 
his retirement in 1948. 

He left behind a long record of achievement, many friends and 
many happy memories. His success was largely due to a real 
interest in everything he did, in those with whom he worked and 
in his relaxations. His hobbies were fishing and the study of wild 
life. Work was never far from his thoughts, but a keen interest in 
nature and an intensive desire to understand natural phenomena 
provided a balanced outlook that gave him great happiness in 
his work and in his long life of service. He is survived by his 
widow. 

He joined The Institution as an Associate Member in 1903 and 
was elected a Member in 1923. R. J. H. 


RICHARD NETTERVILLE EATON 


Richard Netterville Eaton, who died on the 15th October 1958, was 
born on the 15th July 1884. He was educated at St. Columba’s 
College, Rathfarnham, after which he received his training as an 
electrical engineer, being apprenticed for two years to the Dublin 
United Tramways Co. 

After experience with W. Coates and Son, Dublin, and Siemens 
Bros. Dynamo Works Ltd., Glasgow, he became managing 
director of R. J. Mecredy, Eaton and Co., Dublin. In 1916 he 
founded his own engineering company, R. N. Eaton and Co., 
which he directed until his death. He was also a director of Fyffe 
Couplings (Ireland) Ltd., Hammond Lane Foundry Ltd., and 
Irish Metal Industries Ltd. 

He was for many years chairman of Stewart’s Hospital, Palmers- 
town, and a vice-president of the Rotunda Hospital, Dublin. 

Best known to his intimates as ‘Dick’, he was a very friendly 
person. Throughout his life he was a keen yachtsman and was a 
member of the Royal Yacht Club. A good golfer, he was also 
a member of the Portmarnock Golf Club. He is survived by his 
widow, a son and two daughters. 
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He joined The Institution as an Associate Member in 1910 ang inter 
was elected a Member in 1921. He was honorary secretary of the 
Irish Branch from 1917 to 1951, except for the year 1921-22 when the } 


he was chairman, and he served on the Irish Branch Committee Free! 
from 1951 to 1954. I. DB, He 


JOHN BARNETT FELTHAM 
John Barnett Feltham, who died at his home in Nottingham op 

the 2nd December 1958, was born in Bury St. Edmunds on th — J4™ 
20th September 1881. He was educated at Sir Thomas Rich Jame: 


School, Gloucester, and received his engineering training with the born 
Gloucester Waggon Co. Scho 

In 1905 he joined Gloucester Corporation as a station engineer electr 
and was appointed deputy city electrical engineer in 1909, a position Ltd., 
he held until 1916 when he became chief engineer and manager bridg 
and water-works engineer and manager at Mexborough. In 193} He 
he transferred to the service of the Long Eaton Electricity Under. he re 
taking as chief engineer and manager, and on nationalization he Butte: 


was appointed manager of the Long Eaton District of the Eas 
Midlands Electricity Board. He retired in 1951, but was too active busin 


mentally and physically to accept retirement as a release from a vasi 
work. During the past seven years he had been busily engaged later. 
as a consulting engineer. ships’ 

During his managership of the Long Eaton Electricity Depan. but w 
ment, he acted as secretary for many years of the Midlands Area and h 
Bulk-Supply Takers’ Association, formed by the local municipal his de 
undertakings who purchased their supplies from the Midland He 
Counties group of power companies. Feltham was always keenly young 
interested in the wider aspects of the industry, particularly ip motor 
welfare and safety matters, and acted as a representative of the modes 
Association of Managerial Electrical Executives on the East Tespec 
Midlands District Joint Advisory Council from its inception until years 
his death. of frie 

He was also secretary of the East Midlands Centre of the He 
A.M.E.E. for an unbroken period of nearly 25 years and recently was el 


received from the members a portable radio set in recognition of 
his long and devoted service with the Association. 

He was a widower and is survived by his son, Harold John, who 
became an Associate Member of The Institution in 1948. 

He joined The Institution as an Associate Member in 1905 and 
was elected a Member in 1922. A. G.C. 








WALTER CHARLES GEE 


Walter Charles Gee, who died at Brisbane on the 4th October 1953 
after a painful illness, was born on the 24th August 1897. He was 
educated at Bishop’s Stortford School and Technical School and 
received his early telecommunication training in the Signals Branch 
of the Royal Navy. During the 1914-18 War he mostly served in 
submarines. 

After the war he entered the Colonial Service and joined the 
radio branch of the Hong Kong Public Works Department, 
studying part-time at Hong Kong University. Later he transferred | 
to the engineering branch of the Telecommunications Department, 
Malaya, where he served as a radio engineer until his retirement ; 
in 1948, except for the period of the Japanese occupation. At the 
fall of Malaya he was on leave in Australia and was then posted 
to West Africa, whence he was recalled to the United Kingdom 
in 1944 to join the Army, serving as a major. In 1946 he retumed 
to Malaya with the South-East Asia Command Civil Affais 
Organization and was concerned in the re-establishment of 
telecommunication. 

He retired from Malaya in 1948 to become an engineer in the 
transmission section of the Post Office in Australia. In 1950 he 
was appointed divisional engineer, post and telegraphs, for 
Guinea and Papua, with headquarters in Port Moresby. He was 
taken ill in Port Moresby and left for Brisbane, where he died 
in the month in which he was due to retire for the second time. [7 

During his service in Malaya, he was awarded a Carege | 
Scholarship, enabling him to study the latest developments 0 | 
radiocommunication in America. It was mainly through his effort | the Pac: 
and enthusiasm that commercial radiotelephone services wet | pa 
established between Malaya and neighbouring countries in the Fat y al 
East, and with Great Britain and Europe via Bandoeng in Java 
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and London. He was also one of the band of enthusiastic amateurs 
who in the early days of broadcasting gave so much time and 
energy to the establishment of broadcasting in Malaya and who 
for some years operated a service until the Government assumed 
this responsibility. — 

Gee was of a friendly and generous disposition and keenly 
interested in golf and boxing. He served on the committee of the 
Gardens Golf Club in Kuala Lumpur and was a referee under 
the Malayan Boxing Board of Control. He was a keen and active 
Freemason. He leaves a widow and four children. 

He joined The Institution as an Associate in 1933 and was 
elected an Associate Member in 1948 and a Member in 1953. 

P. H. F. G. 


JAMES WILLET GRANT 


James Willet Grant, who died on the 18th November 1958, was 
born on the 3lst August 1888. He was educated at Dalziel High 
School, Motherwell, and received his practical training as an 
electrical and mechanical engineer with David Colville and Sons 
Ltd., Motherwell, from 1904 to 1909, studying part-time at Coat- 
bridge Technical College. 

He then joined Marshall Fleming and Co., Motherwell, where 
he remained for five years before becoming works manager of 
Butters Bros. and Co., Glasgow. In 1918 he became junior partner 
with Andrew Gordon, electrical contractor; in 1920 he started 
business on his own account as an electrical engineer, carrying out 
a vast amount of work in steelworks, collieries and quarries, and 
later he extended his work to the outfitting and overhauling of 
ships’ installations. In later years he not only carried out this work 
but was frequently engaged as consultant on works reconstruction, 
and his business, in which he was still occupied up to the time of 
his death, continued to grow. 

He was a most active worker for the Y.M.C.A., while in his 
young days he was a keen cyclist. However, in 1920 he took up 
motoring, and this continued to be his hobby. Grant was of a 
modest disposition, and as a conscientious engineer he gained the 
respect of all who came into contact with him during the many 
years he was in business. He will be greatly missed by a wide circle 
of friends. He is survived by his widow and a daughter. 

He joined The Institution as Associate Member in 1944 and 
was elected a Member in 1951. A. K. 


ERNEST SYDNEY HEURTLEY 


Emest Sydney Heurtley, who died on the 10th July 1958, was 
born on the 3ist October 1877. He was educated at Monckton 
Coombe School, Bath. Heurtley, who was to become an inter- 
national authority on the operation of submarine telegraph cables, 
joined the Eastern Extension Australasia and China Telegraph Co. 
and was trained at the Porthcurno station. He later served the 
company at Singapore, Saigon, Chefoo, and Sharp Peak, and after 
experience as cable-ship electrician he was for some years chief 
electrician at Cocos Island. 

During this time he devised many original methods of testing 
cables to locate faults. One of the earliest relays in practical use was 
his invention, and it was his further development of relay systems 
for submarine cables that brought him renown in this field. 

Leaving the company in 1907, he attended courses at McGill 
University, Montreal. In 1912 he invented and patented an anti- 
disturbance device for the improvement of cable working. The use 
of this device was licensed to the Eastern Extension Co. for a term 


of years. 

In 1916 he became a partner in the consulting firm of Clark, 
Forde and Taylor and in 1924 was engaged by the Italian Govern- 
ment to plan and supervise the laying of the cable system between 
Italy and South America. This was the first line in the world to 
be fully equipped with an uninterrupted chain of the repeaters 
invented by Heurtley and his colleague, J. V. Foll. 

On completion of the Italcable network in 1927, he was promi- 
nently associated with the laying of the first inductively loaded 
cables in the Pacific, including the longest submarine cable in the 
world, from Vancouver to Fanning Island, some 3400 nautical miles. 
He also designed and engineered the German loaded cable from 

n to the Azores. Of his many inventions, that of the Heurtley 
hot-wire magnifier is probably the most widely known. 

He was a director of Muirhead and Co. from 1919 to 1928. 

On the completion of the manufacture, laying and testing of 
the Pacific cables in 1928, he appreciated that there were not likely 
to be any further submarine-cable enterprises for some time. 

After visiting Canada and Australia, he returned to England in 
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1935 and became a very successful farmer at Ashill, Somerset 
In 1946 he moved to Southern Rhodesia. He died at St. Helier 
Jersey, and was buried at Ashill. 

All who worked with Heurtley were impressed by his extra- 
ordinary energy and determination. His early success was 
undoubtedly due to those qualities. Others had designed mag- 
nifiers for submarine telegraph cables, but they lacked the physical 
and mental ability to éffect the improvement in the duplex balance 
which was the prerequisite to the increase in signalling speed made 
possible by the introduction of the Heurtley hot-wire magnifier. 
The same energy and drive were evident in all his subsequent 
activities. He is survived by his widow. 

He joined The Institution as a Member in 1913. eS 


HENRY OSWALD 


Henry Oswald, who died at his home in Surbiton on the 
8th January 1959, was born on the 23rd September 1902 at 
Aadorf, Switzerland, where he was educated. He received his 
technical education at the Technical College, Winterthur, and 
subsequently at the Federal Institute of Technology, where he 
obtained a degree in engineering in 1927. During his technical 
training he received two years’ practical experience with Brown 
Boveri, Baden, and also did his military service in an engineering 
unit, reaching the rank of lieutenant. 

In 1928 he was appointed to the London office of British Brown 
Boveri Ltd. as a contract engineer. This position he held until 
1932, when he went to India for the parent company as resident 
engineer. During his stay in India he assisted in the establishment 
of his firm in all its branches and in particular was responsible for 
the lay-out and construction of the power station of the Pallivasaal 
hydro-electric project. 

In 1937 he returned to London as | meme manager of the com- 
pany, and in 1941 was appointed a director, becoming managing 
director in 1947, which position he held until the time of his death. 
During his service with the company he was responsible for large 
projects in many fields of engineering, in particular mercury-arc 
rectifier equipment for the 7GeV proton-synchrotron at Harwell 
and the first electric tunnel-kiln to be installed in this country. 

During the recent war he was in the Air Raid Precautions service. 
He played a prominent part in the activities of the Swiss colony in 
England and in 1952 was president of the Swiss Economic Council 
and chairman of the Assembly of Presidents of Swiss Societies in 
Great Britain. 

Oswald’s charm and sincerity, together with his ability and 
conscientiousness, endeared him to his colleagues and to all who 
came in contact with him. His loss will be felt not only by his 
family but also by his many friends, both in his social and in his 
business life. He married a compatriot in 1938 and is survived by 
his widow, two sons and a daughter. 

He joined The Institution as an Associate Member in 1938 and 
was elected a Member in 1943. D. E. B. 


ARTHUR EDWARD PENNEY 


Arthur Edward Penney, who was born on the 16th November 
1905, died on the 15th December 1958. He was educated at Sir 
Joseph Williamson’s Mathematical School, Rochester, and Medway 
Technical College, receiving practical training with the Borough 
of Gillingham Electricity Department. 

In 1926 he entered the Post Office as a probationary inspector 
by open competitive examination and in 1929 passed the proba- 
tionary assistant engineers’ examination. He was promoted to 
executive engineer in 1938, to regional engineer in 1944, and to 
staff engineer in charge of the power branch in 1951, which post 
he held until he retired because of ill-health in 1956. 

Throughout almost the whole of his Post Office career he was 
engaged on the various aspects of power work, which included 
power supplies to buildings, lighting, heating, ventilation, lifts and 
the mechanization of the postal service. He served in the London 
postal and the London telecommunications regions of the Post 
Office and in the engineer-in-chief’s office. 

He was vice-chairman of the London Centre of the Institution 
of Post Office Electrical Engineers in 1949-50 and took a keen 
interest in the junior section of that Institution. In addition, he 
found time to act as secretary of the Society of Post Office Engineers 
and as chairman of the London Telecommunications Region Rifle 
Club. He was greatly interested in the activities of the Wokingham 
Baptist Church, where he was a deacon, and organized many talks 
and lectures on a variety of interesting and useful subjects for the 
younger church members. 
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Penney had a very genial personality, was quietly humorous, 
was popular with his colleagues and had a direct approach to any 
problem with which he was confronted. He is survived by his 
widow, a son and three daughters. 

He joined The Institution as a Graduate in 1931 and was elected 
an Associate Member in 1938 and a Member in 1948. is #, 


HERBERT SPENCER SMITH 


Herbert Spencer Smith, who died at Tunbridge Wells on the 
4th August 1958, was born at Leeds on the 16th August 1895, the 
eldest son of Bell Smith, a well known and respected figure among 
head postmasters in the 1920’s and 1930’s. He was educated at 
Leeds Central High School, at Leeds College of Technology and 
at York Technical Institute. Following a period at the old Hunslet 
Engine Works, Leeds, he entered the Post Office Engineering 
Department, Leeds, in 1912 and shortly after transferred to York. 

At York he soon came to prominence by collecting many 
qualifications awarded by the City and Guilds of London Institute, 
including the rare and then much prized honours in telephony. 
His talents were quickly harnessed to the task of installing a 
number of small manual telephone exchanges in village stores in 
the Yorkshire countryside. Later he was placed in charge of the 
newly installed experimental common-battery exchange at York. 

During the 1914-18 War he served in destroyers with the famous 
Dover Patrol. St. George’s Day 1918 saw him with Admiral Sir 
Roger Keyes’s squadron in the raid on the German submarine 
base at Zeebrugge. 

Returning to York on demobilization, he again undertook 
important technical duties. These included an active part in the 
testing and utilization of the first underground trunk cable between 
York and Leeds. In 1922 he installed, tested and maintained a 
pioneer two-wire telephone repeater which was inserted at York 
in a London-Glasgow 8001b copper-conductor trunk circuit. 

He was appointed a probationary inspector in 1924 and took 
up duty in the engineer-in-chief’s office, London. Promotion to 
assistant engineer in 1927 resulted in his taking full charge of the 
testing and acceptance group. In 1929 he was placed in charge 
of a circuit-design group under the late I. H. Jenkins. These two 
became the joint architects of the sleeve control system of sig- 
nalling installed throughout the country. On appointment to 
executive engineer in 1935, his scope of responsibility was extended 
to all facets of telephone-exchange development. 

In 1940 he transferred to Harrogate to set up a special group 
charged with the restoration of war-damaged exchanges. After the 
war he returned to London and in 1947 was appointed to the Home 
Counties Region as deputy chief regional engineer. Here he was in 
charge of all staff promotions and training and played a prominent 
part in the establishment of a residential training centre at Bletchley. 
He retired in 1957. 

In his younger days he was a caravanner in the gipsy style, a 
keen motor-cyclist and skater. Later he became a great tennis 
enthusiast and a principal pillar of support of his local tennis 
club at South Norwood. A highly skilled mechanical engineer and 
carpenter, his home workshop was equipped with characteristic 
thoroughness. He was affectionately known as ‘H. S.’, and his 
methodical approach and sage advice, often coupled with prac- 
tical help, will long be remembered. To become his friend was to 
be a friend for life. 

He joined The Institution as an Associate Member in 1933 and 
was elected a Member in 1947. A. H.C. EIS. &. T. T. 


GANGADHARA SUNDARAM 


Gangadhara Sundaram, generally known as ‘G. S.’, who was born 
on the 14th November 1896 at the village of Komarakshi in Madras 
State, died on the 2nd March 1957 after a brief illness. He was 
educated at the Hindu High School, Madras City, and obtained 
an M.A. degree in physics at the Presidency College, Madras 
University. His electrical engineering education was obtained at 
the Indian Institute of Science, Bangalore. After the completion 
of this three-year course, he was awarded an Indian Government 
scholarship for practical training abroad, and he became a special 
trainee with Méetropolitan-Vickers Electrical Co. and visited 
France, Switzerland and other countries. 

He returned to India in 1924 and obtained a post with the 
Government of Madras under Sir Henry Howard, the pioneer of 
electrical projects in Madras State. He became successively execu- 
tive engineer, superintending engineer, and, in 1944, chief engineer, 
in which position he remained for over eight years, initiating the 
Moyar, Machkund, Mathurai and Tungabhadra schemes. 

In 1952 he was engaged by the Government of India as 
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consulting engineer for the heavy electrical plant factory (now 
located at Bhopal) and the Kosi multipurpose project. On the 
formation of Andhra State, he was again made chief engineer fy 
electricity in Madras State, from which post he retired in 1956, 
Sundaram’s reputation as a top-ranking engineer was well know, 
in India, and equally well known was his integrity. He did not take 
part in sports, and his leisure hours were spent in extensive readj 
which covered almost all subjects. His wide knowledge was 
generally brought out in his brilliant conversation. One remember 
him as a cultured, courteous gentleman, not easily ruffled, steag. 
fastly adhering to right conduct in life. He is survived by his widow 
two daughters and a son. ’ 
He joined The Institution as a Student in 1920 and was electeg 
a Graduate in 1923, an Associate Member in 1928 and a Member 
in 1940. He served on the Madras Local Committee from 1939 to 
1940 and from 1949 to 1958. He was also a member of th 
Institution of Engineers, India. N.C. 8. K, 





Contents of the current issues of 
the Proceedings 


The date in italics is that of the Journal review, special article, 
synopsis. Where given, the date in capitals is the month in which a paper 
or monograph was published individually 


PART A. POWER ENGINEERING (APRIL 1959) 


J. W. BINNS AND W. J. OUTRAM, M.ENG. PAPER 2698 U, AUGUST 1958 
Electrification of the U.K.A.E.A. industrial group factories January 1959 
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system February 1959 
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PROF. J. C. PRESCOTT, D.ENG., AND A. K. EL-KHARASHI, B.SC. PAPER 2871M 
A method of measuring self-inductances applicable to large electrical 
machines April 1959 

Communicated discussion on Application of a variable-reactor/capacitor 
combination for reversing and controlling the speed of polyphase inductioa 
motors 

M. K. E. ISMAIL, B.E., PH.D., AND B. ADKINS, M.A. PAPER 2851U Per 
formance calculations of the capacitor motor using the transformer 
analogue analyser April 1959 

J. E. BROWN, B.SC., PH.D., AND C. S. JHA, B.SC. PAPER 2860U The 
starting of a 3-phase induction motor connected to a single-phase supply 
system April 1959 

F. DE LA COURT CHARD, M.SC. PAPER 2762M A note on the diagra® 
matic estimation of phase-sequence components April 1959 


PART B. RADIO AND ELECTRONIC 
ENGINEERING (MARCH 1959) 


See the Journal for March 1959, p. 192 


PART C. MONOGRAPHS (MARCH 1959) 
See the Journal for March 1959, p. 192 
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J, A. ASELTINE 


TRANSFORM METHOD IN LINEAR SYSTEM 
ANALYSIS 


WoGRAW-HILL. 1958. 300 PP. £3 6s. 


qe difficulty with this book is to decide whether the author 
was right to attempt so wide a coverage of linear systems in 
oder to demonstrate the use of transforms in them. In a 
course Of lectures one would certainly say ‘This is a matrix, 
and Professor X will show you how to manipulate matrices’ 
or ‘We shall study mechanical systems in terms of Lagrange’s 
equations, which you should already know from Mr. Y’s 
lectures’. But in a book, a description of loop and node 
methods of analysing networks; of the method of constructing 
the dual of a given electric circuit; of the method of setting 
up Lagrange’s equations for a simple mechanical system; and 
of the definitions of probability and several statistical terms, 
may be regarded either as necessary to make the applications 
of transforms intelligible or as an unwarranted excursion 
beyond the main subject-matter. 

However, these extraneous items occupy only a small part 
of the book, which for the rest is outstanding in two respects: 
it gathers together information on a greater variety of trans- 
forms than is usually considered (Laplace, Fourier, finite 
Fourier, Z for difference equations, Mellin, Hankel, Meijer, 
Legendre), and it treats them with clarity and with a good 
section of problems for practice. Special credit is deserved 
by the discussion of the manner in which solution of dif- 
ferential equations by Laplace transform looks after the 
initial conditions, and of the question of uniqueness of 
Laplace transforms. 

One or two difficulties of notation arise from the wide 
coverage of background material. For example, in sections 
3-2 and 3—6, the author is careful to exclude the origin 
from the range considered; but in 3—5 the Dirac impulse 
functions appear to be placed at the origin. On p. 213, the 
formula of a bivariate Gaussian distribution is gratuitously 
introduced without explaining that the symbol p stands for 
the coefficient of correlation between the two variables. But 
these criticisms are mainly of the inclusion of excessive 
material, and the treatment of transform methods is lucid 
and complete. 


SIR ERIC ASHBY 
TECHNOLOGY AND THE ACADEMICS 
MACMILLAN. 1958. I18 PP. I5S. 


some of Sir Eric Ashby’s views on the subject of this volume 
will already be familiar to readers of the Journal through the 
publication in the September 1958 issue of his lecture 
Technological humanism’. This book is based on some other 
more comprehensive lectures. It is an immensely interesting 
little work, likely to appeal to all professional technologists, 
hot only to those concerned with technological education. 

_ The really important part is chapter 4, ‘Split personality 
M universities’. This occupies 31 of the 113 pages of text, and 
one feels that the remainder is only background for this 
chapter, Its theme is partly at least that of the difficulty of 
Raining traditional values of learning in the universities 
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while meeting the need for ever more rapid progress in science 
and technology. Sir Eric points out how the government of 
a university is of a unique kind. 

He gives a pleasantly full discussion of the issue of science 
versus humanism and the needs of broader education; this 
was, of course, the theme of his previously published lecture. 
He goes on to discuss universities in relation to society and 
suggests that the autonomy of British universities is guaranteed 
by the close relation of some important classes of people with 
the universities, e.g. senior civil servants. The conclusion to 
the chapter suggests that the universities are meeting their 
challenges successfully. 

It is, naturally enough, this section that readers will be 
most ready to criticize. Sir Eric is always constructive in his 
attitude, but his views and statements are sometimes mis- 
leading and appear not to take all the facts into account. 
He discusses what universities could do about broader 
education, i.e. ‘apprehending a technology in its complete- 
ness: this is the essence of technological humanism. . .’; but 
in fact some universities and some technical colleges have 
been doing what he recommends for some time. 

He wants a four-year undergraduate course instead of the 
usual three-year course but does not consider whether this 
is a reasonable change in technologies where professional 
requirements dictate a further two years of training after 
graduation; does he really want electrical engineers, for 
instance, to be 24 or 25 years old before they take responsible 
positions ? 

He sees in the struggle between ‘Renaissance humanism’ 
and the demands of technology a serious danger of instability; 
but the reviewer is inclined to the view that there is little 
danger of technology causing even an overshoot—does not 
the danger, if it exists, lie rather with science? Technology 
has of necessity to take account of Man, his history and his 
values; but pure science has no such need and can become 
an end in itself. 

The first three chapters give a very interesting discussion 
of the historical background of the introduction of science 
and technology into the British universities. The treatment 
is very far from being a dull presentation of plain fact. Indeed, 
the whole book can be recommended unreservedly to anyone 
connected with advanced education, with higher administra- 
tion and with the professions. 


W. B. DAVENPORT and W. L. ROOT 
AN INTRODUCTION TO THE THEORY OF 
RANDOM SIGNALS AND NOISE 


McGRAW-HILL. 1958. 393 PP. £3 17S. 6D. 


J. S. BENDAT 

PRINCIPLES AND APPLICATIONS OF RANDOM 
NOISE THEORY 

NEW YORK: JOHN WILEY. 
1958. 431 PP. £4 8s. 
BOTH these books give a logical approach to the theory of 
random signals. They are, however, complementary in their 
treatment, although naturally a large body of material is 
common to both. 


LONDON: CHAPMAN AND HALL. 
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Davenport and Root introduce the topic from a con- 
‘sideration of probability; they develop thence through a 
‘consideration of correlation functions to the concept of 
spectral density and noise analysis in the frequency domain; 
this appears to be the more fundamental approach. Bendat, 
on the other hand, assumes that the engineer is already 
familiar with frequency-spectral concepts and builds his 
argument on the basis of correlation and spectral density; 
he introduces probability theory later in the book. 

Beyond this point, the courses of the two books diverge. 
Davenport and Root apply theory to an investigation of shot 
noise in a triode and in later chapters to the theory of noise 
in linear systems, including one chapter dealing with the 
problems involved in linear smoothing and prediction. This 
is also dealt with, in considerable detail, by Bendat, who uses 
it to solve a number of system problems. 

Davenport and Root conclude their book with a compre- 
hensive account of the solution of noise problems in non- 
linear systems, giving illustrations evaluating both directly 
and using the transfer function. Their final chapter gives an 
introduction to the very large field of problems involved in 
the testing of hypotheses and the extraction of information 
from received data. 

One small but not insignificant point which arises from a 
comparison of these two books and others recently published 
is the complete lack of uniformity of symbolism. In fact, 
within Bendat’s book the bar over a symbol is used in different 
places for two widely different purposes. 

The book by Bendat will be of considerable value to the 
qualified engineer, who is primarily concerned with optimum 
system design. Davenport and Root, on the other hand, have 
expressly designed their book for the advanced student, 
interspersing it with many examples and problems: this 
enables the student who is disturbed by the mathematical 
symbolism to appreciate the practical significance of the 
results obtained. The range of their book is somewhat wider 
than Bendat’s; though, naturally, each subject cannot be 
studied so deeply. It is to be regretted that Davenport and 
Root have provided such an inadequate index. 


D. P. ECKMAN 
AUTOMATIC PROCESS CONTROL 


NEW YORK: JOHN WILEY. LONDON: CHAPMAN AND HALL. 
1958. 367 PP. £3 12S. 

THIs is an introductory text on process control, incorporating 
material from the author’s ‘Principles of automatic control’, 
revised and extended. Intended primarily for undergraduate 
study, it assumes an elementary knowledge of differential 
equations, mechanics, fluid mechanics, thermodynamics and 
circuit theory. The teaching aspect is well catered for by 
numerous examples and a specimen set of experiments. 

The theoretical treatment is based on transfer-function 
analysis, though the j-operator and stability theory arrive 
only in the final chapters and the Laplace transform appears 
in an appendix. (Some tedious mathematics, in a book 
intended for future control engineers, might have been 
avoided by introducing these topics at the beginning.) 

Much useful information about process instrumentation 
is presented, mainly without comment on the merits and 
demerits of the different devices; the instrument engineer may 
also feel that too little is said about process dynamic charac- 
teristics and the practical problem of measuring them. Non- 
linear behaviour is specifically treated only in connection 


250 


with two-step control, though the general need for linearizing 
equations is pointed out. 

Technical details are sound except for a few over-genergj 
statements and several unnecessary idiosyncracies such gg 
(a) the use of a minus sign in Taylor’s expansion when the 
slope of the function is negative (p. 44); (b) the ‘definitioy 
of a decibel (p. 281); (c) the use of ‘pole’ to mean ‘pole with 
positive real part’ (p. 310); and (d) the statement of Nyquist’; 
criterion (p. 311), which is both tautologous and untrue, 

Style and format are good, except for tasteless chapter 
heads; there is an adequate index; few references are givep, 


J. J. FREEMAN 
PRINCIPLES OF NOISE 


NEW YORK: JOHN WILEY. 
1958. 299 PP. £3 I4s. 
SEVERAL books have been published recently on this subject, 
This one fills a gap in the literature on noise in that jt 
approaches the theme in an essentially tutorial manner. Asa 
consequence the material incorporated is limited to the mor 
basic concepts; very little is said, for example, concerning 
noise in non-linear devices or on the design of filtering and 
prediction networks. 

The omission of such topics enables the author to cover 
the elementary concepts in a more lucid manner. To this end, 
the first two chapters are devoted to a basic study of random 
processes and Fourier analysis and transform methods. This, 
although rather laboured, introduces the idea of correlation 
function. 

There follows a consideration of the types of random 
process met in nature. A number of theorems which may tk 
applied to such noisy systems are developed and illustrated 
by many examples. (The number of illustrative examples is 
one of the significant features of the book, marred only by 
restriction to the field of vacuum tubes.) This leads naturally 
to the need for optimization of such systems to reduce the 
effect of noise. 

The later chapters deal with means of detection of signals 
in the presence of noise, including the use of non-linear 
detectors. A final section on target noise is included as an 
example of a system in which both signal and noise are of a 
random nature; this concept is too advanced for sufficiently 
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serious discussion in such a volume. 

The author wisely eliminates almost any mention of 
practical noise-measurement techniques, limiting the book to 
theoretical topics well supported by examples. This should | 
render the work of considerable value to the student. ' 


J. E. GIBSON and F. B. TUTEUR ; 


CONTROL SYSTEM COMPONENTS 
McGRAW-HILL. 1958. 493 PP. £4 13S. 


BOOKS which describe apparatus have a bad habit of ending 
up little better than superior catalogues of what is ‘available, 
with an unhappy vagueness on the finer details of performance. 
One has come to approach such a book with the feeling that 
this is probably going to be disappointing, and all too often 
it is. But here, just to surprise us, is a really good book m 
control-system components, and what a pleasure it is. 
The components are taken in the wider sense to cover noi 
only electrical apparatus, but pneumatic and hydraulic als. 
The authors are electrical engineers and perhaps as.a cons 
quence are a bit given to electrical analogies, but this should 
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be an advantage to many of us who are struggling to master 
the peculiar difficulties of unfamiliar media that behave a 
ood deal more temperamentally than electricity, which owes 
so much of its success to its sweet reasonableness. 

The authors take the view that what we need to know are 
the scientific basis of the action of the components, the 
formulation of the dynamic behaviour modes, and some of 
the engineering features and limitations common to examples 
currently available. Their coverage is comprehensive and 
quite detailed on electrical components, including amplifiers 
of all types, both a.c. and d.c., and of all power ratings, as 
well as conversion devices and transducers for a useful range 
of variables. A chapter on mechanical networks and gears is 
particularly welcome. The difficulty about moving reference 
frames in mechanical analogues is passed over, excusably. 
The last four chapters deal with hydraulic and pneumatic 
systems and components in sufficient detail to show what one 
is up against here. 

The book is a successful pioneering effort, successful in the 
attempt to do a needed job well—books that follow will have 
to take note of the standard set here, for it is a commendably 
high one. For those who deal in control engineering as a 
unified field, in which whatever medium is most suitable has 
to be used, this is the book; and it is the only one so far that 
really faces this issue. 


E. M. GRABBE, S. RAMO and D. E. WOOLDRIDGE 
(Editors) 

HANDBOOK OF AUTOMATION, COMPUTATION 
AND CONTROL—VOL. 1 


NEW YORK: JOHN WILEY. 
1958. 952 PP. £6 16s. 


Tis, the first of three volumes described as a handbook, 
deals with feedback control, information theory and operations 
research. The second volume will deal with computers and 
data-processing and the third with systems and components. 

It is not obvious what purpose is served by bringing all 
these subjects into one handbook of three heavy tomes. 
A handbook is usually understood to mean a work mainly 
for reference. It cannot be expected to serve as a textbook, 
but what is wanted must be easily found and be sufficiently 
well set out and explained for it to be correctly used. This 
ambitious project has employed more than a score of authors 
for Vol. 1 alone, and not all have kept this distinction clearly 
in mind. Some give concise summaries, while others—for 
example, the writer on system analysis—tend to serve up 
rehashed American textbook material at considerable length. 

The book opens with a number of sections on mathematical 
topics related to all three volumes, which are done well but 
are unavoidably, as summaries, concise and formal. They 
may serve the useful purpose of sending readers back to the 
textbooks, and adequate bibliographies are given. 

The sections on control systems, on the other hand, give 
much material that it is hard to imagine anyone wishing to 
look up in a handbook, and they could have been shortened. 

Vol. 1 is not complete even in respect of control systems, 
since sections on servo-components and systems engineering 
will appear only in Vol. 3. 

The section on information theory, due to P. Elias, will be 
of interest to those who already know enough of the subject; 
and that on operations research, dealt with at considerable 
length by E. L. Arnoff, will be useful for reference in seeking 
solutions to various maximization problems. 


LONDON: CHAPMAN AND HALL. 
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When the complete work is available, it may be possible 
to see its field of usefulness more clearly. In the meantime, 
one cannot fail to acknowledge that the decision to organize 
the writing of a three-decker manual covering so wide a range 
of topics was certainly a heroic one, and the work will surely 
include sections of considerable value. 


J. E. HOOPER and M. SCHARFF 
THE COSMIC RADIATION 


LONDON: METHUEN. 
12s. 6D. 


NEW YORK: JOHN WILEY. 1958. 172 PP. 
THE study of cosmic radiation has become very wide, extending 
from the forces between subatomic particles to the earth’s 
outer magnetic field and the behaviour of ionized gas clouds 
in interstellar space. It seems surprising that this could be 
condensed into the small compass of a Methuen Monograph. 
However, the authors have admirably succeeded in their 
task. 

This is not ‘popular’ writing: the reader is expected to 
know the meaning of words like ionization, photon, or 
Compton scattering. But beyond that the exposition is very 
clear and simple; and yet there is enough information here 
for the book to be valuable to the specialist. Experimental 
techniques (counting, emulsions, track chambers) are briefly 
but adequately described; theoretical ideas are well explained; 
and theoretical results are represented by graphs and 
formulae. 

This is a well written and well balanced work which can be 
whole-heartedly recommended. 


W. S. HUMPHREY, JUN. 


SWITCHING CIRCUITS WITH COMPUTER 
APPLICATIONS 


McGRAW-HILL. 1958. £3 6s. 


THIS is a first-class textbook, at graduate engineering level, 
on the logical design of switching circuits. After an elementary 
introduction, the properties and theorems of Boolean algebra 
are derived ab initio. This is probably desirable at the present 
time, when the subject is still new to many circuit-design 
engineers; but it is tending to become repetitive in textbooks 
in this field, and the future might be better served by the 
publication of a single work on Boolean algebra for the 
engineer. 

The following chapters contain a comprehensive and well 
balanced account of its application to circuits using relays, 
diodes, transistors, and magnetic core switches, in the course 
of which minimizing aids, Boolean matrices, bridge networks, 
cascaded networks, and sequential circuits (i.e. those con- 
taining storage elements) are treated thoroughly. 

The design of switching circuits cannot be completely 
reduced to the mechanical application of logical rules. Most 
engineers use experience and intuition without recourse to 
formal logic, and they are certainly as effective for the less 
complex problems. As complexity increases, formal logic 
becomes a very powerful aid but must still be supplemented 
by trial-and-error methods backed by experience. Although 
the author’s treatment is based on Boolean logic, he is evidently 
well aware of this consideration, and the limitations as well 
as the power of the logical approach are adequately discussed. 
The exposition is excellent and is aided by many carefully 
worked examples, and there is a useful bibliography. 


264 PP. 
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W. P. MASON 
PHYSICAL ACOUSTICS AND THE PROPERTIES OF 
SOLIDS 


VAN NOSTRAND. 1958. 402 PP. £3 7S. 6D. 

uP to the beginning of the Second World War, only a very 
small number of engineers were concerned with the propaga- 
tion of acoustic waves in solids and liquids. Today, this 
Situation is completely changed. The principles of physical 
acoustics are the basis of numerous engineering applications, 
not limited to the field of communication. 

The well known quartz-crystal resonator and electro- 
mechanical wave-filter have been joined by the delay line, 
flaw detector, thickness gauge, ultrasonic drill and soldering 
iron, to name only a few of the applications dealt with in 
part 1 of this book written by the head of mechanics research 
at the Bell Telephone Laboratories. Much of the progress in 
this field has been achieved by the application of ceramic 
materials, like the ferroelectric barium titanate and the 
magnetostrictive ferrites, the properties of which are described 
in a chapter on transducer materials. 

Part 2 is concerned with the study of mechanical damping 
in solids, to which the author and his colleagues have made 
some significant contributions. One aspect of the mechanism 
of attenuation is the movement of dislocations, which is 
thought to be the most important factor in determining the 
strength of solids. The book should therefore be of con- 
siderable interest also to the solid-state physicist and mechani- 
cal engineer. 

The volume, Mason’s third contribution to the Bell 
Laboratories series, reaches the high standard one has come 
to expect from that series. It will have a much greater appeal 
to the expert than to the beginner, although the author says 
it was written as an introduction to the subject. 


H. S. W. MASSEY and R. L. F. BOYD 
THE UPPER ATMOSPHERE 
HUTCHINSON. 1958. 333 PP. £3 3S. 


AT intervals in the advance of any subject it is valuable if 
someone will take a look at it from a distance and, discarding 
those details which fascinate the worker immersed in it, will 
describe only what he sees to be of fundamental importance. 

This task is attempted in this book ‘for students and for 
scientists in other fields who require a reliable outline of the 
subject’. It deals with the methods of probing the atmosphere 
by means of sound and radio waves, spectroscopic observa- 
tions of light from the sun and the atmosphere, rockets and 
satellites, and with the interlocking complex of theories 
which have been suggested to explain the results. 

The authors have set themselves the task of describing the 
subject with scarcely any mathematics, and the result is a 
work of the greatest possible value, both to the expert and to 
the wider group of readers listed above. It is only because the 
authors are themselves experts in their subject that they have 
been able so successfully to discard what does not matter and 
to say precisely what they mean about what does. In spite of 
their simple and straightforward language, it is hard to find 
any statements which are not, in every respect, correct. The 
book should be read and reread by all serious workers in the 
subject, and especially by anyone about to start research in it. 

Workers in other subjects should also read it, not so much 
for its scientific content (although that is exciting enough) 
as for seeing what can be done in the way of presenting a 
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difficult subject with real scholarly simplicity. It demonstrates bri 





what so much needs demonstrating, that those who really det 
understand a subject can make it seem simple, even if the | me 
writings of lesser people sometimes make it seem difficult ang 1 
complicated. con 
i to 
circ 
J. MILLMAN | an 
VACUUM-TUBE AND SEMICONDUCTOR , ie 
ELECTRONICS ee 
McGRAW-HILL. 1958. 644 PP. £3 17S. 6D. a 
THE importance and potentialities of the transistor are T 
great as to make essential its inclusion in the undergraduate con 
electrical engineering syllabus. It is now appropriate, and val\ 
convenient, for the transistor to take its place alongside the for 
thermionic valve and for the physical and circuit electronic mat 
of both these devices to be given a parallel presentation. The 
book under review is therefore to be welcomed, since it has s. § 
the praiseworthy aim of presenting a unified treatment of a 
valve and semiconductor-device electronics suitable for INT 
undergraduate teaching. McG! 
Although not specifically divided, the work is in two parts, THIS 
The first part (chapters 1-13) is concerned with the internal mag 
physical electronics of devices and their basic circuit properties; cove 
it includes not only vacuum and semiconductor diode, | whic 
valves and transistors but also gas-discharge tubes and photo. | treat 
electric devices of both vacuum and solid-state type. The | duct 
second part (chapters 14-19) deals with a range of circuit TI 
applications: rectification, low-frequency voltage, power and flow 
feedback amplifiers, sinusoidal oscillators and power supplies, | iad 


The book will be of considerable value to those presenting disay 
or taking a first course in this field. However, its stated 
objective of integrating valve and transistor electronics are not 
achieved with unqualified success. Many parts of the book, 
and the standard of style throughout, are excellent, but the | Th 
selection and organization of the material presented are not 
altogether satisfactory. Thus, although vacuum devices are 
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ees 


co 
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given a good background of the physics of motion of charged po 
particles in fields (chapters 1 and 2) and thermionic emission will | 
(chapter 3), semiconductor devices receive less-sympathetic | and | 
treatment. S  othet 
The opportunity of basing the discussion of semiconductor : p. 14 
devices on a good foundation of solid-state physics is missed; | _p, 2g 
instead, a brief and superficial account of the properties gatio 
of semiconductors is followed by a fragmentary treatment Th 
of the basic conduction mechanisms concerned in devices. It wil 
It is significant that the Bohr atom is not mentioned unt | — fent 
chapter 12 (on gas discharges), after the transistor has been rather 
dealt with. clear. 
Nor do the valve and transistor receive the same standard & 
of treatment as devices. The valve is presented in a descriptive F 
manner; but in the case of the transistor a good physical R. E. 
discussion is followed, quite unnecessarily, by a complicated MED 


analysis of characteristics in the cut-off, active and saturated | 
states. Such an analysis is justified only if switching-circuit 
applications are to be considered (they are not covered in 
the book) and should certainly not precede the analysis of 
the basic current-flow mechanism of the transistor. ' 
A good treatment of valve and transistor equivalent circuits 
and of basic small-signal amplifier theory is marred in the 
latter case by the complete omission of discussion of power 
gain. Since the transistor is essentially an impedance-trams 





forming device, such an omission is serious. The high © uinuou 
frequency limitations of valves and transistors are dealt with e referer 
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briefly, but it is a pity that the special features and practical 
details of high-frequency transistors are given only a passing 
mention. 

The chapters on applications give a good exposition of 
conventional valve circuits, with occasional brief references 
to corresponding transistor circuits. Neither high-frequency 
circuits nor switching circuits are dealt with. In these chapters, 
and throughout the discussion of circuits in earlier chapters, 
the unfortunate state of symbol notation as adopted in the 
United States is evident; it can only be of hindrance to the 
student to find potential difference designated E, e in a valve 
but V, v in a transistor circuit. 

The book is, in the main, well written, though not ideally 
conceived. As the first work to attempt the integration of 
valve and transistor electronics, it will certainly be valuable 
for teaching purposes: the copious supply of problems on the 
material of each chapter is a particularly welcome feature. 


§. SEELY 
INTRODUCTION TO ELECTROMAGNETIC FIELDS 
McGRAW-HILL. 1958. 308 PP. £3 6s. 


THis is an attempt to introduce the principles of electro- 
magnetism to undergraduates. The author does not try to 
cover the ground of the famous books by Smythe and Stratton, 
which were written for graduate students. Nevertheless, his 
treatment is far more thorough than that of many intro- 
ductory books. 

There is a very competent discussion of steady current 
flow, static electric and magnetic fields and electromagnetic 
induction, but the chapter on electromagnetic waves is 
disappointing. The order of presentation is unusual. The 
first chapter deals with flux plotting, and this is used to 
introduce the notion of scalar potential. Electrostatics comes 
later. 

There is some confusion between electric charges and 
fields, brought on by the definitions on pp. 50 and 151, which 
state that charges are electric fields and that the motion of a 
charge is equivalent to the motion of the field. Such a view 
will lead students into difficulties in considering rotational 
and high-speed effects. Another criticism must be voiced at 
the treatment of displacement current. This is introduced on 
p. 146, but the consequences are not fully worked out until 
p. 284. Meanwhile, the author assumes instantaneous propa- 
gation and uses instantaneous potentials. 

Throughout the work the treatment is highly mathematical. 
It will appeal chiefly to students with a strong mathematical 
bent, and they will learn much from it. The author’s style is 
rather heavy, but the numerous diagrams are beautifully 
clear. There are many problems, some of them with solutions. 


R. E. MOLLOY (Editor) 
MEDICAL ELECTRICAL EQUIPMENT 
NEWNES. 1958. 323 PP. 35S. 


THE advisory editor is a consultant anaesthetist who has 
Witnessed the frustration and perplexity which can arise in 
hospitals when electrical equipment, vital to the care or 
treatment of patients, fails to work. The book deals with the 
design, operation and maintenance of apparatus to the limits 
that an intelligent user could accept without recourse to 
special training. In hospitals electrical experts are not con- 
tinuously available, and this work, for general reading or 
reference, meets a widespread need. Of necessity, it describes 
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specific makes of apparatus, but the descriptions concentrate 
on the principles common to similar models. 

The 21 contributing authors are for the greater part 
industrial scientists in the electro-medical field. Sections deal 
with various parts of a very wide subject, e.g. illumination, 
X-rays, radio-isotopes, electrocardiography and electro- 
encephalography, physical medicine, surgical instruments and 
diathermy, dental instruments, artificial respiration, labora- 
tory measurements, photographic equipment, sterilizers, and 
catering equipment. 

In sections of the book dealing with design principles and 
safety precautions there is too little reference to national and 
international committee work and to the recommendations 
of the British Standards Institution and of our own Institution. 

The attempt to make electrical matters simple can lead to 
misstatements and confusion, and an example of this is 
Fig. 1, where the r.m.s. value of an alternating current is said 
to be identical with the average value. A remarkable omission 
is a chapter dealing with electrical-interference suppression. 
Much hospital equipment is poor in this respect, and users 
of electrocardiographs have often to take such simple pre- 
cautions as electrically screening operating-theatre lamps. 

This is a most serviceable little book, and it is only hoped 
that its general use in hospitals will not lead to the perpetua- 
tion of many present-day designs of hospital equipment. 


VLADISLAV ZAJIC 

HIGH-VOLTAGE CIRCUIT-BREAKERS 

1958. 324 PP. 25S. 

THE well written history book holds something to interest 
everyone: a lesson, an explanation, a fundamental, an 
experience, an anecdote, a criticism, a conclusion, a prophecy, 
and above all the facts which lie behind the story. Most 
of this book could have been written ten to twelve years 
ago—all of it four to five years ago—but not written quite 
so well. 

For those who have already read British and American 
publications reviewing high-voltage switchgear practice there 
is nothing fundamentally new, but the work contains the 
continental approach with an Eastern European flavour. 
Many of the illustrations are familiar publicity, but it is a 
change to see some Czech and Russian examples. The 
diagrams are very clear, and all are excellently reproduced. 

The book may be recommended to the student and the 
non-specialist, as most of the explanations are from first 
principles. The translator has handled the English idiom 
excellently, and the many minor errors of editing detract but 
slightly from the easy reading; the book itself deserves a 
stiff cover. 

There are four sections; the first contains basic principles, 
definitions and classification of all aspects of switchgear, 
together with a historical survey of development. The latter 
is well founded but of necessity limited in scope—the 
omissions may well annoy some British readers! 

The second section presents in logical sequence the deriva- 
tion, analysis and resolution of many circuit-breaking 
problems. For the advanced student, further references 
would be an advantage. 

The third section deals with the construction of circuit- 
breakers and covers most known types, with an appraisal of 
each and an indication of its application. Many important 
modern constructions are not illustrated, and the entire 
section is largely out of date. 
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The last section considers breaking-capacity tests, the 
problems of ever-increasing rating requirements and the 
limitations of existing testing facilities. The trend of thought 
on future testing techniques is outlined. 

The book is well worth reading and much better than 
many switchgear books with stiff covers. 


E. WOLFENDALE (Editor) 


THE JUNCTION TRANSISTOR AND ITS 
APPLICATIONS 


LONDON: HEYWOOD. 1958. 394PP. £4 4S. 


THIS book, which is a joint effort by some nine authors, covers 
a wide field. Broadly, it can be divided into three parts. The 
first deals with transistor physics, characteristics and equiva- 
lent circuits; the second with linear circuits and Class-B and -C 
amplifiers, modulation and detection; and the third with 
non-linear circuits. The first and third parts each occupy rather 
less than one-third of the book, the second part rather 
more. 

There is a formidable amount of information about a wide 
variety of transistor-circuit applications. Unfortunately, this 
information is often far from lucidly presented, nor is it 
always well chosen or well balanced. Thus negative feedback 
applied over more than one transistor amplifier stage is 
dismissed in four lines and two circuits (both of which are 
likely to oscillate), whereas the admittedly important subject 
of transistor d.c. convertors occupies 58 pages. 

Circuit diagrams arranged with the most negative point at 
the top are presented side by side with waveform diagrams 
having positive at the top. How much this matters depends 
on how one visualizes the operation of electronic circuits, but 
some readers will find the inconsistency disconcerting. It even 
seems to have confused the authors: thus on p. 127 the 
emitter potential is said to ‘rise’ when it becomes more 
negative; whereas, on p. 308, when the potential V,, ‘rises’ it 
becomes more positive. 


J. YARWOOD 
ATOMIC PHYSICS 


UNIVERSITY TUTORIAL PRESS. 1958. 644 PP. £2 


WHILE intended primarily for the student reading for part | 
of an honours degree in physics or for the B.Sc. general 
degree, this volume also covers the relevant parts of the 
syllabus for the graduateship examination of the Institute of 
Physics and for the Dip. Tech. in physics. 

It gives a straightforward and lucid account of the behaviour 
of electrons and ions in gases, the extra-nuclear structure 
of the atom, and radioactivity and nuclear physics. The 
historical sequence and the crucial experiments are emphasized 
throughout, and there are good chapters on methods of 
accelerating particles to high energies and on the detection 
of nuclear radiation. 

On the other hand, the discussion of nuclear fission and 
nuclear reactors is based too much on outdated information 
rather than on that released at the two Geneva conferences. 
It is, however, hardly to be expected that a single author 
could show equal strength in all parts of the wide field 
covered, and the aim of producing a textbook dealing with 
a prescribed syllabus has been well achieved. A wide sale 
for the book is predicted. 
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Forthcoming events at Savoy Place 


ALL meetings are held at Savoy Place, beginning at 5.30 p.m. (tea a 
5 p.m.), except where otherwise stated. The nature of the meeting jg 
indicated by the following key: 


ED EDUCATION DISCUSSION CIRCLE ij 


E ELECTRONICS AND COMMUNICATIONS SECTION 
I INFORMAL | 
M MEASUREMENT AND CONTROL SECTION | 
MED MEDICAL ELECTRONICS DISCUSSION GROUP 
OQ ORDINARY 
S SUPPLY SECTION 


U UTILIZATION SECTION } 


After each paper that has now been published is added the month 
when a synopsis appeared in the Journal under ‘Papers and monographs 
published individually this month’, i.e. about the time when the paper 
was published as a separate. A paper that has not yet been published 
will be available at least ten days before the meeting at which it will be 
read. The full list of London meetings is given in the meetings card 


- 


April 1959 


U 16 Thursday D. O. BISHOP, PH.D., B.SC.(ENG.), and G. S. BROSaN, 
PH.D., B.SC.(ENG.). ‘An electromagnetic variable-ratio torque 


convertor’ (Paper 2861 U) synopsis: March 1959 





M 21 Tuesday Discussion on ‘The problem of maintenance of 
electronic equipment in the process industries’ t 

S 22 Wednesday D. A. DEWISON ‘Electrical supplies to power-station 
auxiliaries’ (Paper 2759 s) synopsis: December 1958 ' 

© 23 Thursday SIR DAVID BRUNT, SC.D., F.R.S. 50th Kelvin Lecture, § 
‘The Geophysical Year 1957-58’} (at The Institution of Civil 
Engineers, 1-7 Great George Street, London S.W.1) 

E 24 Friday T. C. MACNAMARA and B. MARSDEN. Lecture on ‘Engi | 
neering aspects of commercial television programme presenta. [ 
tion’t 

F 27 Monday G. F. SWANN ‘The field strengths required for the 


reception of television in Bands I, III, 1V and V’ (Paper 2816 x) 
synopsis: January 1959 

29-30 Wednesday-Thursday (in conjunction with the British Nuclear 
Energy Conference) Convention on Thermonuclear processes 
(all wishing to attend are required to register; registration 
forms are available on application to the Secretary of The 
Institution) (to be held at The Institution of Civil Engineers, 
1-7 Great George Street, London S.W.1) § 





May 1959 

u 1-3 Friday-Sunday Section visit to Bournemouth 

M 5 Tuesday PROF. A. L. HODGKIN, M.A., F.R.S. Lecture on ‘Propaga- 
tion of electrical signals along nerve fibres’ t 

U 7 Thursday 3. M. WALDRAM, B.SC.(ENG.). Lecture on ‘Lighting and 
architecture’ { 

MED 8 Friday D. H. SHINN and N. L. LLOYD will open a discussion on 
‘Microwave radiation hazards’ (at 6 p.m., tea at 5.30 p.m.) 

ED 11 Monday P. L. ALGER will open a discussion on ‘Trends in the J 
teaching of electric-machine theory in the United States’* (at [ 
6 p.m., tea at 5.30 p.m.) a 

i 13. Wednesday . G. ROWE, O.B.E., M.Sc. Lecture on ‘The applic & 


tion of statistical techniques to the electronic valve industry’? 


14 Thursday ANNUAL GENERAL MEETING followed, at approxi- 
mately 6.30 p.m., by PROF. E. C. CHERRY, D.Sc. Lecture ‘On the 
conceivable future of telecommunications’{ (at The Institution § 
of Civil Engineers, 1-7 Great George Street, London S.W.|) 


Wednesday P. J. SQUIRE, B.SC.(ENG.). Annual Lecture. ‘The 
World Bank—what it is, what it does, and how it works’t 


E 21-27 Thursday—Wednesday International Convention on Transistors 
and associated semiconductor devices (all wishing to attend 
are required to register; registration forms are available o § 
application to the Secretary) (to be held at Earls Court, London © 
S.W.5) 7 


s 23 Saturday Section visit to Aldermaston 


* No advance information will be available, and no Press report will be permitted 
+ An abstract will be available in advance 
¢t No advance information will be available 
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+Denotes that the publication is also in the Lending Library. The 
publications cannot be bought through The Institution; the pub- 
lishers and the prices are given only for the convenience of members 
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BOOKS 

ADDISON, H. 621.6 
The pump users’ handbook 

London, Pitman, 1958. pp.v, 122. 22 x 14cm. 30s. 


Sponsored by the British Pump Manufacturers’ Association, it includes 
a list of products supplied by member firms. It does not replace 
members’ catalogues, deal with commercial matters or attempt to 
compete with advanced works on pump design. The scope includes 
selection, installation, performance and maintenance of plant. 


BOWEN, J. H., and MASTERS, E. F. O. 621.039 
Nuclear reactor control and instrumentation* 
London, Temple Press, 1959. pp. x, 78. 22 x 14cm. 12s. 6d. 


Aims at providing an understanding of the operating characteristics of 
the gas-cooled graphite-moderated reactor and its associated control 
and instrumentation. Effects on the reactor of changes in reactivity and 
cooling rate, and reactor control rods and instrumentation are 
explained. 


GLAZIER, E. V. D., and LAMONT, H. R. L. 621.392 
The Services’ textbook of radio. Vol. 5—Transmission and propaga- 
tion* 

London, H.M.S.O., 1958. pp. xi, 500. 24 x 15cm. 25s. 


‘The Services’ textbook of radio’ is a series of seven volumes. This one 
deals with low- and radio-frequency transmission lines, waveguide 
components and techniques, and aerials. 


GODFREY, J. W., and PARR, G. 8.08 
The technical writer. An aid to the presentation and production of 
technical literature* 

London, Chapman and Hall, 1959. pp. 340. 22 x 14-Scm. 
£2 5s. 


This concisely written book contains much helpful information for 
anyone concerned with writing or publishing technical literature. It 
discusses the various forms of technical literature and the planned 
approach to writing—including information techniques—and gives 
guidance on style, illustration, printing processes, typography, setting 
out the text, editing, and other matters relating to the production side. 
To be reviewed in the Journal. 


HUTTON, L. B., and STACE, F. N. (Editors) 93: 621.311 
The engineering history of electric supply in New Zealand—Vol. 1 
Wellington, Wright and Carman, 1958. pp. 222. 29 x 21cm. np. 


Histories of electricity authorities, which originally appeared as a 
series of articles in the New Zealand Electrical Journal. 


INSTITUTE OF PHYSICS 621.317.2 
The design of physics research laboratories* 
London, Chapman and Hall, 1959. pp. 108. 25 x 15cm. 25s. 


The proceedings of a symposium attended by architects, physicists and 
others interested in the design of research laboratories. The papers are 
extensively illustrated by photographs and plans. 


KEARTON, W. J. 621.165 


Steam turbine theory and practice. A textbook for engineering 
students. 7th edition* 
London, Pitman, 1958. pp. xxiv, 861. 22 x 14-5cm. £2 17s. 6d. 


This edition contains twice as many pages as the fifth, published ten 
years ago. It contains chapters on vortex flow and on experiments on 
turbine blades, and the section dealing with examples of land and 
marine turbines has been brought up to date. 
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HARRISON, J. R. 621.039 
Nuclear reactor shielding * 
London, Temple Press, 1958. pp. vii‘, 68. 22 x 14cm. 10s. 6d. 


An introduction to the principles and practice of reactor shielding, 
including shielding for mobile systems. 


JELLEY, J. V. $39.12 
Cerenkov radiation and its applications 

London, Pergamon Press, 1958. pp. x, 304. 22 x 14-Scm. £3 5s. 
Cerenkov discovered that all transparent substances emit a feeble 
bluish-white light under the influence of radiation from radioactive 


substances. This book is a review of the theory, experimental work and 
application and includes an extensive bibliography. 


KLEEN, W. J. (Translated by P. A. Lindsay, A. Reddish and 
C. R. Russell) 621.385 


Electronics of microwave tubes 


London, Academic Books, 1958. pp. xxi, 348. 23-5 x 15-Scm. 
£3 12s. 

An advanced work, suitable for a reader with a background of physics 
and mathematics to postgraduate standard. It discusses qualitatively 
and quantitatively the effects governing the operation of microwave 
valves. Because it is difficult to separate microwave valves from their 
circuits, chapters have been included on valves in circuits. The book 
contains many bibliographical references and will be reviewed in a 
future issue. 


LANDSHOFF, R. K. M. (Editor) 538.31 


The plasma in a magnetic field. A symposium on magnetohydro- 
dynamics 

California, Stanford University, 1958. pp. v, 130. 23-5 x 15-Scm. 
36s. 


Papers on kinetic theory, confinement and instabilities of a plasma, 
and high-speed fluid dynamics. 


PANNETT, W. E. 621.39 (076) 
Radio engineering formulae and calculations 

London, George Newnes, 1959. pp. vii, 200. 19 x 12-Scm. 
17s. 6d. 

Problems included are selected from everyday practice in the design 
and operation of radio installations, rather than for their academic 
interest, and are fully worked and illustrated by diagrams. Reprinted 
from the ‘Radio and television engineers’ reference book.’ 


STANFORD, E. G., and FEARON, J. H. (Fditors) 620.17 
Progress in non-destructive testing—Vol. 1 

London, Heywood, 1958. pp. vii, 267. 26 x 16cm. £3 

The first of a series of annual volumes containing critical reviews. 
Non-destructive testing is considered in the widest sense. The present 
volume includes papers on industrial radiography, ultrasonic inspection 
for detecting flaws, and nuclear magnetic resonance applied to testing 
materials. 


STEWART, W. E. 534.85 
Magnetic recording techniques* 

London and New York, McGraw-Hill, 1958. pp. ix, 272. 

23-5 x 15:5cm. £3 6s. 

A practical reference work covering magnetic recording processes, 


recording media, reproducing processes, and recording mechanisms. 
There is a chapter on ferromagnetism and one on American standards 
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Elections and transfers 


The following elections and transfers approved by the 
from the 2nd March 1959 


Council are effective 


ELECTIONS 
Associate Members 


BERwIN, Charles Arthur 
BOYDELL, Eric 

BRIERLEY, George Harold 
pavigs, Isaac William Ivor 
DEAN, Noel Spencer, B.sc. 


purour, Roland Paul Joseph, DIPL.ING., M.Sc. 


HoysteD, Brig. Desmond St. John, c.B.£., 
R.SIGNALS 

Laert, Harry Arnold, DIPL.ING. 

Associates 

BRAY, Cmdr. Rupert Wesley Dalton, r.n. 

BUNCH, Roy Harold 


Companions 


BaRNeETT, Sir Ben Lewis, B.A., K.B.E., C.B. M.Ce 


Lampirt, Arnold Frank 


TRANSFERS 


Associate Member to Member 


ARRON, Redvers 

BRANTHWAITE, B. A. 

cooper, James Reginald, 8.E. 

DAY, Benjamin Lionel, B.sc. 
FRAZER, Thomas Athol, m.a. 
FREETH, John Raymond, B.sC.(ENG.) 
GRIMLEY, William Kenneth 
MACRAE, William, M.sc. 


Graduate to Associate Member 


ANDREWS, Reginald Francis John 
BAGDZINSKI, Ireneusz 

BATESON, Harold 

BENTLEY, James Tomlinson, M.8c. 
BLACKHALL, Kenneth Albert John 
BLAKESLEY, David, B.8C.(ENG.) 
BOLTON, Arthur Wade 

BRADBURY, Albert Alan 

caRR, Burnett, B.sc. 

CHEEK, Bernard Joseph 
CHEVERTON, John Stuart, B.8c.(ENG.) 
COTTERILL, Roy 

cuRRIE, Harry 

pas, Kanti Kumar, 8.sc., B.8c.(ENG.) 
pawson, Welch Potts 

DICKINSON, Harold, B.sc.TECH. 
DOWELL, a — B.SC. 
EVANS, Barry J 

FIANDER, David: Charles, B.8C.(ENG.) 
GALLACHER, Joseph 

corpBons, Philip David 

arLcurist, Alfred Stanley 
coopwty, William David 

GREEN, John Alexander, D.F.H. 
GRIFFITHS, Frank 

HANNAH, James 

HOWELL, Dennis Arthur, B.8c.(ENG.) 
HUDDART, Anthony John, B.sc.(TECH.) 
HUNTER, Gordon Leonard, B.sc. 
jones, John Irving, B.sc. 

LARKIN, Patrick 

LaY, Michael John, B.sc. 

mackie, lan Duncan 

MCPHEDRAN, Alexander Ian, B.sc. 


The following elections and transfers approved by the 
from the Sth 


Council are effective 


ELECTIONS 


Graduates 


apams, John deVall 

ANDREWS, William Mills, B.sc.TECH. 
BANNISTER, Brian . 

BARNFATHER, Colin Lax 

BEAN, Arthur Robert 

BECK, Donald, B.a 

BELL, Frederick Johannes, = oe (ENG.) 
BILLINGHAM, Stephen Alan, 
BOWDEN, Colin Thomas, B. ig 
BUCKLE, Terence Clive 


BuRROWS, Brian Jeremiah Conway,s.8C.(ENG.) 


cHowy, Alan William 
coLLins, John Gilbert 
COVERLEY. Alec 
curTine, John Peter 
paxce, Raymond Lawrence 
DICKINSON, Clive 
DINNING, Stanley 
DONALDSON, Alan Henry 
BL-KUARASHI, Ali Kamel, B.8C., PH.D 
ELLIS, Kenneth George 
FIRTH, John Michael, B.A. 
enaLis, Hamid Rashid, B.sc. 
oou, Xavier Khen Wah, B.E. 
oRaNTuAM, Kenneth Norman 
AMELL, J/T Anthony, R.4.F. 
Colin 
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mackay, Walter Lumsden 

MYERS, Basil Roland, 8.8c.(ENG.), M.S. 
RHODES, Blaize Henry John, D.¥.H. 
skIPPER, Donald John, 8.8c.(ENG.) 
SLAUGHTER, Albert John Stanley 
STUART-MONTEITH, Gerald, B.Sc. 
tart, Archibald 

THomaS, Lt.-Cmdr. John, R.N. 

WYLtE, Robert Stewart, p.s.c. 


ROBERTSON, George Stanley 


MARTIN, Robert Edgar, p.F.H. 
NEWEY, Gordon William Josey 
NORMINGTON, Alfred Charles, B.8c.(ENG.) 
SELLAR, James Alexander, B.sc (ENG. 
TOBIN, William John Kc iward, B.SC. (ENG.) 
vast, Eric Charles, B.s 

WALDRAM, Alfred ies Tindal, B.sc.(ENG.) 
WEstcortt, John Hugh, B.sc.(ENG.), PH.D. 








MAINWARING, Alan Harry 

MARVILL, James Kenneth 

MAWER, Desmond Charles 

MEADOWS, Norman Geoffrey 

NEWING, Lt.-Cmdr. Antony, B.sc., R.N. 

ouLpre, Arthur John 

PAGET, Kenneth Walter 

PATIL, Mohun Moreshwar 

PEAKE, William Rowland 

PIERCE, Leonard James 

PIKE, Mervin, B.sc. 

POPE, Lt. Geoffrey, B.Sc., R.N. 

PpuzeY, Tom Reginald 

RAGGETT, Donald Edward Percy 

RELTON, Joseph Warbrick, B.eNG. 

RICHARDS, Arthur Edwin 

ROTHNER, Wallace 

ROWELL, John Robin 

SERGEANT, Frank Norris Moore 

SHERWIN, Kenneth, B.8¢.(ENG.) 

sMITH, John Joseph 

smiTH, Sydney Francis, B.3c.(ENG.) 

STREATFIELD, Fit.-Lt. Cyril George Joseph 
B.8¢.(ENG.), R.A.F. 

stuart, Ian Davidson 

SwiTsuR, Sidney Charles 

TAYLOR, Harry 

TEBBENHAM, Leonard Douglas, B.Sc.(ENG.) 

VARNHAM, Alan Jeffrey 

vivyan. Eric Frederick 

WALLER, James, B.SC.(ENG.) 

WATKIN, John Cyril, B.sc.(ENG.) 

woop, John 






JONES, Hiley 

KHALIFA, Mohamed Mahmoud, M.sc., PH.D. 

KHAN, Amanat Hussain, .F.H. 

KWAAN, Wilmer Richard, 8.sc.(ENG.) 

LACY, Douglas Brian, B.sc. 

LOWERY, Alan John 

MCDONALD, Donald Ernest Hugh, B.£.£. 

warr, Vikram Ramkrishna, B.sc. 

o’HAGAN, Thomas Joseph, B.E. 

O'TOOLE, Gerald 

PARSONS, Alfred William 

pratt, Alan Reginald, B.a. 

READING, Alfred 

REFSUM, Alf, B.SC. 

RENSHALL, William Anthony, B.8c.TECH. 

RUTILI, Alessandro, DOTT.ING. 

SHEAHAN, Desmond Francis, B.E. 

SLATER, Alan 

STRANGE, Victor Frank 

WALKER, Keith William Arthur 

WALL, Frederick 

WATSON, Philip Kenneth 

waiter, Edward James Wannell, B.a. 

WHITEHEAD, Capt. Rex Douglas, R. siIGNaLs 

wricHt, David Lee, B.sc. 

ZOOMKHAWALA, Mohammed Hoosenibhoy, 
B.8C.(ENG.) 


March 1959 


Students 


ACHARYYA, Susil Chandra, B.E.£ 
ALLARDYCE, Ian Robert 

amor, Dennis Craig 

ANDREWS, Jeffery Howard 
AULT, John Tony Arne 

BAIN, Malcolm Grant 

BAX, Terence John 

BELL, Roy Malcolm 

BHARDWAJ, Parkash Chand 
BINGHAM, James Raymond 
BINKS. John Kenneth 
BOARDMAN, David 

socrs, Iain Strathearn 

BOXALL, Edward Arthur 
BRADLEY, Ian Victor Wesley 
BRADLEY, Judith Ann 
BREWSTER, Peter James 
BRINDLEY, John William 
BROWN, Kenneth 

BUTTERWORTH, John Stuart 
CARR, Geoffrey Malcolm 
CHALLENDEE, Victor Frederick 
CHETWYND, David Stuart 
CHOPRA, Jitinder Singh, B.sc. 
CLARK, Anthony Searle 

CLoWEs, Alan Roland 
COLLINSON, Christopher David, B.s 
CORFTELD, Charles Gollan 
CORNES, David John 

CRAIGIE, Alexander Stuart Grant 
CRAWLEY, Kevin John 
CUNNINGHAM, Anthony John 
CUTHBERTSON, Robert William 
paviges, Anthony Christopher 
DUFF, Jeremy Tindal 

DYSON, Paul Joseph 

FORTH, Leslie 

FULLER-SHAPCOTT, James Nige 
GILBERTSON, John Dawson 
GLEw, Charies Neville 

GOsLING, David Samuel, B.S 
GREENING-LEWIS, Michael J« yhn B.Sc. 
GRIFFITHS, Peter Thomas 
GUNAPALA, Madduma Wellalage 
HAINES, John Frank 

HARVEY, Walter Thomas 

HILL, Brian Jarvis 

HOGG, Robert Hutchinson 
HOPPER, Derek 

HUGHES, Peter 

HYDE, David Robert Youngman, B.a 
JAYAWARDENE, Tissa Anthony Perera 
Jones, Alan Charles 

KENNEDY, John 

KERSLAKE, Harold John Brendor 
KNOWLES, Edward 

LANGLEY, John D'Arcy 





LEE, John 

Lewis, Harold Windsor, B.s« 
LLOYD, Michael John 

Low, Fook Yui 

MCCOOL, John James 
MCCREERY, Michael Murray 
MCGUFFIE, William George 
MCKENZIE, Iain Alexander 
MADDAFORD, Alan Keith 

may, Anthony, B.a. 

MOORE, Peter 

MORGAN, David Kenneth 
MULLICE, Om Prakash, B.sc. 
NEwevryY, Roger Alan 
NICHOLLS, David Walter Gray 
NUTTALL, Lawrence Sutcliffe 
OswaL, Dongerchand Dalichand, 8.x 
PERERA, Ridevitage Don Bandulasena 
PINE, Derek Colin 

PRICE, Roy Bertram, B.sc. 
PRITCHARD, Robert Stephen 
PROBERT, Peter Ernest 
RAMSAY, Richard 

RAWLINGS, Terence Dowse 
RHODES, David John 

RHODES, John Neville 

RITCHIE, Henry 

RODWELL, Harold, B.sc. 
ROGERSON, Ralph Cecil 
8aLMON, Joseph John, B.3c. 
SANDERS, David Charles 

sa¥, David Giles Ashworth 
SCHOFTELD, John Richard Garrs 
sim, Kwang Teo 

SKOTTOWE, Anthony Britiffe 
smitH, Ian Dalgleish Stirling 
sowTeER, Brian Raymond 
SPEARS, Colin Crawiord 

Nizar Badih 

, Anthony Clive John 
THATCHER, John 

THOMAS, Keith, B.sc. 
THOMPSON, Raymond 

TINSLEY, David 

Topp, Christopher Douglas Dymoud 
TOOMEY, John Joseph 

TOWERS, Alan, B.SC.(ENG.) 
TRIVEDI, Rajnikani Devshanker 
TULLETH, Alan 

vickErs, John Edward 
watson, John Bethall 
WIJEYARATNE, Punnasiri Oswald 
WILKINS, Robert Peter William 
WILson, Francis Thomson 

» Frederick Edward 











TRANSFERS = Student to Graduate 


aLcocg, Derrick Norman, B.sc. 
ANTIPPA, Jerasimo, D.F.H 

BARTIE, Frederick, B.SC.(ENG. 
BENSADON, Victor, D.F.H. 

BENSON, Collin Clive, B.sc 

John Alexander, B.SC.(ENG 
David William 





BROOKING, Gordon John Howard, a.R.c.s.T. 


BURN, Robert Anthony Bulman, a.F.H. 
CHRISTMAS, John Francis 
CLAPPISON, Paul Alexander, B.E 


CLARKE, Philip Michael Edward, pIP.TECH.(ENG.) 


CLELAND, ning Terence, B.Sc. 
coLLins, Brian 

COOK, John Mic hael William, B.sc.(ENG 
CULLIMORE, Peter Anthony, B.8C.(E 
cuRRIE, William John Murdoch, B.sc. 
DALTON, Christopher John, B.s¢ 
DEMPSTER, Ian Alexander, B.Sc. 
picksoN, Richard James 

DINNAGE, John Dennis, B.sc. 
DUNFORD, Graeme Wilmor, B.8c. 
EppY, David Charles Ancell, B.s 
FORBES, Randolph Alexander, B.sc.(EN 
FOREMAN, Peter Henry, B.8c.(ENG.) 
FRoGGaTT, Cyril Edge 

GowERs, Peter Michael, B.sc. 

cuppy, John Reginald 


:G. 





HOLLAND, Alan Dennis, B.sc. 
HUNN, Reginald Arthur 


HUNTER, Robert Derrick McIntosh, a.1.-w.c, 





Ives, Derek Edwin, B.sc.(EN 
KENDRI( K, William Arthur, B.sc. 

KENT, David Ernest 

KENT, Philip Richard 

KERMODE, Miles Anthony, DIP.TECH.(ENG, 
Levy, Barrie Harold, B.sc. 

Lou, Shiu Chang, PH.D. 

MARLTON, Paul, B.8c. 

RAM, Amolak 

REID, Laurence Milne, - 8C.(ENG.) 
SAUNDERS, Leith Roy, . 
STEELE, William pce 

STOLL, Richard Leslie, p.¥.H. 

swirt, Graham George 

TASSELL, Charles William, 8.5« 
TAYLOR, Antony Ronald, B.sc.(ENG.) 
THOMPSON, David Jardine, B.sc. 








VAN scHooR, Martin Edward Sedgwick, B.8¢. 
WALTER, Arulanandan Rasiahpillai, B.sc.(Ey6, 
WARD, Raymond James Sydney, B.SC.(ENG.) 


WATKINS, Frank Edward, B.s< 
WILLIAMS, Thomas, B.8c. 
wILson, Albert Keith 

ZILKO, Mario Domenic, D.F.1. 








District Meeting 


ARRANGEMENTS for a District Meeting in April other than in the area 


of a Local Centre 
April 1959 


HATFIELD (at Hatfield Technical College at 7 p.m., 


23 Thursday c. L. WILSON ‘Cathodic protection’ 





British Nuclear Energy Conference 


DETAILS of a forthcoming meeting of the British Nuclear Energy 


Conference are given below. 


APRIL 29-30 1959 Wednesday-Thursday 
CONVENTION ON THERMONUCLEAR PROCESSES 


Sponsoring society: The Institution of Electrical Engineers, Savoy Place, 
London W.C.2. Those wishing to attend must register; 
forms are available on application to the Secretary of The Institution 


Place of meeting: The Institution of Civil Engineers, 1-7 Great George 


Street, London S.W.1 


JOURNAL I.E.E. 


tea at 6.15 p.m.) 


registration 
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ANNOUNCEMENTS TO MEMBERS 





THE HOMES FUND 
SUMMARY OF CONTRIBUTIONS RECEIVED TO 
20TH MARCH 1959 


No. of 
Contributors . e «£ 
£1000 and over 6 6000 0 O 
£100 to <£1000 30 6586 3 0 
£5 to <£100 877 9249 14 5 
£2 to <£5 2170 5963 15 0 
under £2 26060 13594 3 6 


£41393 15 11 


THE ANNUAL GENERAL MEETING 
xoticE is hereby given that the Annual General Meeting of 
The Institution of Electrical Engineers will be held on 
Thursday, 14th May 1959 at 5.30 p.m., in the Great Hall of 
The Institution of Civil Engineers, 1-7 Great George Street, 
London §.W.1, to receive and consider the Accounts for 
the year ended 31st December 1958, and the Annual Report 
| of the Council, and to elect Auditors. 
| Copies of the Accounts and Report (which will in due 
' course be published in the Journal) can be obtained on 
application to the Secretary about ten days before the date 
| of the meeting. 





By order. of the Council, 
W. K. BRASHER, 
Secretary 
| LECTURE BY PROF. E. C. CHERRY 
MEMBERS are reminded that the Annual General Meeting on 
the 14th May 1959 will be followed at 6.30 p.m. by a lecture 
© ‘On the conceivable future of telecommunications’, by Prof. 
j E. C. Cherry, D.SC., ASSOCIATE MEMBER. 


' CHANGE OF DATE 
MEMBERS are asked to note that the following Electronics and 
— Communications Section meeting will take place on Friday, 
24th April 1959, and not, as previously announced, on the 
17th April: 
area ' Lecture by T. C. Macnamara and B. Marsden on ‘Engineer- 
: ing aspects of commercial television programme presentation’. 


NOMINATIONS FOR COUNCIL 
— | VACANCIES 


THE following brief biographical details of the Council’s 
ergy J Nominees for vacancies arising in the Council on the Ist 
| October 1959 are set out for the information of members. 
~ Anomination circular is enclosed with this issue of the Journal 
to all Corporate Members and Associates. 







i] q & 

aa ; PRESIDENT (one vacancy) 

ition §) SIR WILLIS JACKSON, D.SC., D.PHIL., DR.SC.TECH., M.I.MECH.E., 
jorge PINST.P.,F.R.S. G. 1929,A.M. 1931, M. 1942. Director of Research 


3 and Education, Metropolitan-Vickers Electrical Co. Ltd. Council 


EE. | APRIL 1959 








(1939-42, 1945-48, 1949-52, 1953-54; Vice-President since 1954); 
North-Western Centre Committee (1938-45; Vice-Chairman 
1945-46, 1954-55); North-Western Centre Radio and Measurement 
Group Committee (1944-46; Chairman 1943-44); Wireless Section 
Committee (1941-43; Vice-Chairman 1943-44; Chairman, Radio 
Section, 1946-47); service on all principal committees of Council; 
Joint Committee on Practical Training (1946-55; Chairman 
1955 to date); Joint Section A Committee (1948-49); Research 
Committee (1947-48, 1950-53); Extra Premium 1937, 1941 (joint 
award); Wireless Section Premium 1943; Ambrose Fleming 
Premium 1944 (joint award); Duddell Premium 1945 (joint award); 
11 papers published in the Proceedings (six jointly); Member, Radio 
Research Board, D.S.I.R. (1944-48, 1950-54); member, University 
Grants Committee (1955 to date); member, Council for Techno- 
logical Awards, Ministry of Education (1955 to date). 


VICE-PRESIDENTS (two vacancies) 


G. S. C. LUCAS, o0.B.z. G. 1928, A.M. 1930, M. 1934. Director 
and Chief Engineer, British Thomson-Houston Co. Ltd. Council 
(1950-52, 1953-56; Vice-President since 1956); Rugby Sub-Centre 
Committee (1952; Chairman 1945-47); Wireless Section Com- 
mittee (1938-41); service on all principal committees of Council. 


O. W. HUMPHREYS, c.B.£., B.SC., F.INST.P. A.M. 1945, M. 1949. 
Director for Research, General Electric Co. Ltd. Council (1952- 
55); Utilization Section Committee (1951-54: Vice-Chairman 
1956-58); Research Committee (1952 to date); Chairman, Com- 
mittee on Radio Interference (1956 to date); Faraday Lecturer 
(1953-54); Extra Premium 1938; Paris Exhibition Premium 1945; 
two papers published in the Proceedings (one jointly); President, 
Institute of Physics (1956-58); Chairman, Radio Research Board, 
D.S.LR. (1957 to date); Chairman, Council of E.R.A. (1958 to 
date); Chairman, C.1.S.P.R. (1953 to date). 


HONORARY TREASURER (one vacancy) 


E. LEETE. A. 1917, C. 1929; Honorary Member 1954. Director, 
London Electric Wire Co. and Smiths Ltd. and Liverpool Electric 
Cable Co. Ltd. Council (many years between 1925 and 1949; 
Honorary Treasurer for three full terms of three years each and 
1958-59); General Purposes Committee (1946-47, 1948-49): 
Finance Committee (1929-32, 1940-43, 1946-49, 1958-59); Mem- 
bership Committee (1927-28, 1929-30, 1931-32); Court of 
Governors, Benevolent Fund (1934-54, 1956 to date, including 
ten years’ service as Deputy Chairman); Local Centres Committee 
(1948-50). 


ORDINARY MEMBERS OF COUNCIL 
MEMBERS (six vacancies) 


PROF. H. E. M. BARLOW, PH.D., B.SC.(ENG.), M.I.MECH.E. 
A.M. 1926, M. 1945. Pender Professor of Electrical Engineering, 
University College London. Council (1955-58); Radio and Tele- 
communication Section Committee (1953-56); Measurement and 
Control Section Committee (1937-39, 1950-53); service on all 
principal committees of Council; Joint Committee on Practical 
Training (1955-58); Kelvin Premium 1924; Measurement and 
Control Section Premium 1939, 1955; Radio and Telecommunica- 
tion Section Premium 1953 (joint award); Ambrose Fleming 
Premium 1957 (joint award); 23 papers published in the Pro- 
ceedings (11 jointly). Member, Radio Research Board, D.S.I.R. 
(1948). 


C. O. BOYSE, B.Sc.(ENG.), M.I.C.E. A.M. 1940, M. 1943. Managing 
Director, Automatic Telephone and Electric Co. Ltd.; Director, 
British Insulated Callender’s Cables Ltd.; formerly General 
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Manager, British Insulated Callender’s Construction Co. Ltd. 
(1949-56). Supply Section Committee (1944-48; Chairman 1948- 
49); Oversea Activities Committee (1949-50); Institution repre- 
sentative on International Conference on Large Electric Systems 
(C.I.G.R.E.) British National Committee; John Snell Premium 
1944 (joint award); Hunter Memorial Lecturer (1958-59); one 
paper published in the Proceedings (jointly). 


L. DRUCQUER. A.M. 1928, M. 1940. Divisional Director and 
General Manager, Associated Electrical Industries Ltd., Heavy 
Plant Division. Supply Section Committee (1947-50, 1951-55; 
Chairman 1955-56); Library and Museum Committee (1955-57); 
Informal Meetings Committee (1944-48, 1954-56); Students’ 
Lecturer (1950-51, 1951-52); Extra Premium 1940 (joint award); 
one paper published in the Proceedings (jointly). 


H. G. NELSON, M.A., M.I.C.E., M.ILMECH.E. A.M. 1944, M. 1952. 
Managing Director, English Electric Co. Ltd.; Director, 
Canadian Marconi Co.; Deputy Chairman, D. Napier and Son, 
Marconi’s Wireless Telegraph Co., Marconi International Marine 
Communication Co., Marconi Instruments Ltd., English Electric 
Valve Co. Ltd., and Vulcan Foundry Ltd.; Industrial Leader of 
Advisory Council on Middle East Trade, Board of Trade; Member, 
Board of Management, Society of British Aircraft Constructors 
Ltd.; Member, Management Board, Engineering and Allied 
Employers’ National Federation. 


J. R. RYLANDS, M.sc., M.I.MECH.E., J.P. A.M. 1936, M. 1943. 
Director and Chief Engineer, E. Green and Son Ltd. Council 
(1958-59); North Midland Centre Committee (1944-49; Chairman 
1949-50); General Purposes Committee (1950-51, 1958 to date); 
John Hopkinson Premium 1944 (joint award). 


G. A. V. SOWTER, PH.D., B.SC.(ENG.). G. 1926, A.M. 1930, 
M. 1942. General Manager, Metals Division, Telegraph Construc- 
tion and Maintenance Co. Ltd.; Director, Magnetic and Electrical 
Alloys Ltd.; Director, Telcon-Magnetic Cores Ltd.; Measurement 
and Control Section Committee (1945-50, 1957 to date; Chairman 
1950-51); one paper published in the Proceedings. 


ASSOCIATE MEMBER (one vacancy) 


R. A. HORE, M.A., B.SC., WH.SC., A.M.I.MECH.E. Age 32. G. 1948, 
A.M. 1955. Engineer, General Electrical Department, Merz and 
McLellan. North-Eastern Graduate and Student Section (Vice- 
Chairman 1952-53; Chairman 1953-54); North-Eastern Centre 
Committee (1957 to date); Students’ Premium 1954. 


APPOINTMENTS AND NOMINATIONS 
COMMITTEE ON REGULATIONS FOR THE ELECTRICAL EQUIP- 
MENT OF SHIPS 

ON the recommendation of the Chairman of the above 
Committee, the Council have appointed Mr. W. C. Robertson, 
B.SC., MEMBER, tO serve in a personal capacity on the Com- 
mittee. 


WIRING REGULATIONS COMMITTEE 

On the nomination of the Independent Cable Makers’ 
Association, the Council have appointed Mr. G. A. Oliver, 
MEMBER, to serve on the above Committee in succession to 
Mr. W. G. Crocker, MEMBER. 


LORD HIRST FUND 


On the recommendation of the remaining two Trustees of 
the above Fund, the Council have appointed Mr. O. W. 
Humphreys, C.B.E., B.SC., MEMBER, to act as a Trustee in place 
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of Sir Stanley Angwin, K.C.M.G., K.B.E., D.S.O., M.C., Tp, BE 
D.SC.(ENG.), HONORARY MEMBER, who has resigned Owing to SINC 


ill-health. men 
B.S.I. TECHNICAL COMMITTEE SFE/45—-COAL AND COKE = 
con 


The Council have nominated Mr. D. P. Sayers, B.sc., MEMpER the | 
to serve as their representative on the above Committee jp the 1 
place of Mr. J. D. Peattie, C.B.E., B.SC., MEMBER. B this 


INTERNATIONAL COMMISSION ON IRRIGATION AND DRAINAGE | givin 
—BRITISH NATIONAL COMMITTEE 


The Council have nominated Mr. B. Donkin, B.A., MempR | ARI 
to serve as their representative on the above Committee for | INS 
the year 1959. MEMB 


COURT OF THE UNIVERSITY OF NOTTINGHAM 


The Council have nominated Dr. J. H. Mitchell, pyc, he 
MEMBER, to serve as their representative on the above Cour. ; P 

oun 
TELEPHONE—CHANGE OF NUMBER pose 


MEMBERS are asked to note that The Institution’s telephor 
number at Savoy Place has now been changed from TEMpk | Belgiu 
Bar 7676 to COVent Garden 1871. There have hitherto been | 
four lines, 7676-9, reserved for incoming calls, but in the 
new series there will be six lines available for this purpos, § Brazil 
1871-6, four others being reserved for outgoing traffic, - Canad 
It is an interesting coincidence that, at the moment whe | Denm: 
the additional exchange lines were required, a series of : Finlan 
numbers became available starting with the number of th | 





year in which The Institution was founded. ' France 
SUBSCRIPTIONS AND INCOME-TAX Germa 
RELIEF f 

Hollan 


annual subscription paid by a member who qualifies for relic! 
under that Section is allowable as a deduction from th 
amount of his emoluments assessable to income tax unde 
Schedule E, since The Institution has been approved of 
provided in this Section. j 
The Inland Revenue, through their local Inspectors of 


UNDER Section 16 of the Finance Act, 1958, the whole “| 





MATERIAL BENEFITS THROUGH 
MATERIALS HANDLING 
THE Institute of Materials Handling is holding its Fis 
International Conference on the 6th, 7th and 8th May 19998 sweden 
at the Waldorf Hotel, London W.C.2. The theme of tk) Switzer, 
Conference will be ‘Material benefits through materia’ 
handling’. » Turkey 
The programme will fall into three main divisions: plena) § United g 
sessions, seminars and works visits. For the seminars th 
Conference will be divided into four groups entitled: ‘Tk 
role of containers and pallets in international transport 
‘Materials handling and ships’; ‘Handling in the manuf) 
turing industries’; and ‘Handling in warehouses’. The sity 
scription for each delegate is ten guineas. 7 
Further information is available from the First Internation § The Se 
Conference, Institute of Materials Handling, 42 Manchest members 


Street, London W.1. 4 
_p APRIL | 
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BENEVOLENT FUND 


sincE the introduction of the Cheques Act, 1957, receipts for 
membership subscriptions have not been issued unless 
specifically requested. Many of the payments have included 
contributions to the Benevolent Fund; and the President and 
the Court of Governors wish to express their appreciation to 
the members who have contributed and ask them to accept 
this as an acknowledgment of the welcome support they are 
giving to the Fund. 


ARRANGEMENTS WITH ENGINEERING 
INSTITUTIONS OVERSEA 

MEMBERS Who may have to travel abroad are reminded that 
in certain countries reciprocal arrangements are in operation 
for the extension of privileges to visiting members. The 
complete list of Institutions concerned is as follows: 


Country 
Australia 
Austria 


Belgium 


Brazil 
Canada 
Denmark 
Finland 


France 
Germany 


Holland 
Iceland 

India 

Italy 

Japan 

New Zealand 
Norway 


Rhodesia 
South Africa 


Sweden 
Switzerland 


Turkey 
United States 


Institution 

Institution of Engineers, Australia 

Osterreichischer Ingenieur- und Architekten- 
Verein 

Société Royale Belge des Ingénieurs et des 
Industriels 

Société Belge des Electriciens 

Instituto de Engenharia, Sao Paulo 

Engineering Institute of Canada 

Dansk Ingenigrforening 

Suomen Teknillen, Seura 

Tekniska F6reningen i Finland 

Société des Ingénieurs Civils de France 

Société Francaise des Electriciens 

Verein Deutscher Ingenieure 

Verband Deutscher Elektrotechniker 

Koninklijk Instituut van Ingenieurs 

Association of Chartered Engineers in Iceland 

Institution of Engineers, India 

Associazione Elettrotecnica Italiana 

Institute of Electrical Engineers of Japan 

New Zealand Institution of Engineers 

Norsk Elektroteknisk Forening 

Norsk Ingenigrforening 

Rhodesian Institution of Engineers 

South African Institution of Civil Engineers 

South African Institute of Electrical Engineers 

South African Institution of Mechanical 
Engineers 

Svenska Teknologféreningen 

Schweizerischer Ingenieur- und Architekten- 
Verein 

Turkish Engineering Society 

American Institute of Electrical Engineers 

American Institute of Chemical Engineers 

American Institute of Mining and Metal- 
lurgical Engineers 

American Society of Civil Engineers 

American Society of Mechanical Engineers 

Institute of Radio Engineers 


The Secretary will gladly provide letters of introduction for 
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STUDENTS’ QUARTERLY JOURNAL 


THE March 1959 issue of the Students’ Quarterly Journal 
contains a number of articles of general interest. The unusual 
subject of ‘High-speed motion pictures’ is considered by 
D. T. Wilson, while B. V. Freeman has a short note on 
“Capacitance switching’. A longer article by J. Houldsworth 
goes into some detail on ‘Logical design in electronic circuits’, 
and there is also a comprehensive review on ‘Testing electrical- 
cable-making materials’ by R. Hawley. 

Ten pages of notes from various Graduate and Student 
Sections, a description by M. Robson of ‘Off-peak floor 
heating’, an article by J. J. Hunter entitled ‘Electronics in 
engineering research’, which describes some of the modern 
electronic techniques used in instrumentation, together with 
book reviews and announcements, complete this 54-page 
number. 

Members are reminded that, as from the Ist January 1959, 
the Students’ Quarterly Journal is obtainable on a subscription 
basis by Graduates and Students over the age of 28 years 
and by members of other classes at 8s. 6d. per annum, single 
copies 2s. 6d. each. Graduates and Students up to the age 
of 28 years receive copies free. 


MEDICAL ELECTRONICS 


THE 2nd International Conference on Medical Electronics will 
be held in the new Unesco building in Paris from Wednesday, 
24th June, at 2 p.m., to 6 p.m. on Saturday, 27th June 1959. 

The activities of the conference will include: general review 
sessions ; symposia; round-table discussions; scientific demon- 
strations; an exhibition; and a general business meeting. 
In the general sessions, well known experts will review major 
fields in medical electronics, after which there will be two 
shorter contributions, one technical and one medical, and 
individual papers related to the main theme. 

In the round-table discussions no formal paper will be 
offered. The proposed subjects are: instrumentation policy; 
aid to underdeveloped countries; and status and training of 
medical electronic staff. Members of the conference wishing 
to demonstrate techniques or apparatus will be provided 
with space and facilities without charge. Papers will be cir- 
culated in abstract before the conference and published in 
full or in summary in the conference proceedings. 

Full details of the conference, including membership fees, 
are available from the Secretariat, 131 boulevard Malesherbes, 
Paris 17°. 





OVERSEA ATTENDANCE REGISTER 


DURING the period 17th February to 16th March 1959, these 
members called at the Institution building and signed the Attendance 


Register of Oversea Members: 
APSIMON, W. I. (Freetown, Sierra GWAL, R. B. (Bokaro, India) 

Leone) GRIPPER, H. J. (Nicosia, Cyprus) 
HASAN, A. S. (Baghdad) 
KHALIL, N. (Baghdad) 
OSBORN, J. (Kowloon, Hong Kong) 
RAY, B. B. (Nangal, India) 
ROOTS, W. K. (Santa Clara, Cali- 


fornia) 
SCHILIZZI, T. E. (Sydney) 


e 
BASEDEN, C. (Arcachon, France) 


Ss) 

DESHPANDE, M. V. (Ahmadabad, 
India 

DE SILVA, H. E. G. F. (Colombe) 

GATFIELD, A. C. (Wellington, New 
Zealand) 
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MEASUREMENT AND CONTROL 


D.C. amplifiers 

THE problems arising in the design of d.c. amplifiers are some 
of the most difficult normally encountered in electronic 
engineering, yet the use of these devices is essential in many 
applications. It is not surprising, therefore, that the discussion 
meeting on d.c. amplifiers, held on the 20th January 1959 at 
Savoy Place, was well attended and led to an extensive 
discussion. 

The chair was taken by Mr. J. K. Webb and the discussion 
opened by Mr. K. Kandiah, who pointed out that the main 
problems associated with d.c. amplifiers are concerned with 
zero drift and input impedance. The signals to be measured 
range from fractions of a microvolt in sources of a few ohms’ 
impedance to minute fractions of a microampere in source 
impedances of hundreds of megohms. 

With low-impedance sources, mechanical-contact modu- 
lators are used to convert the d.c. signal into an a.c. one, 
and a zero drift as low as 0-01yuV in 24 hours has been 
achieved. For high-impedance sources, minute currents are 
amplified with vibrating-reed electrometers. In some appli- 
cations a moderately high input impedance coupled with a 
wide frequency bandwidth is required, and here valve ampli- 
fiers are used, but with special circuit arrangements to 
overcome drift. 

Mr. Kandiah went on to discuss the problems arising in 
d.c. amplifiers using transistors. The main difficulty is the 
extreme sensitivity of the transistor to changes in ambient 
temperature. However, useful amplifiers have been developed 
employing transistors, and they show much promise. A 
transistor can be used as a chopper in place of the mechanical- 
contact modulator. It offers greater over-all bandwidth and 
an impedance comparable with that of a thermionic valve, 
but the zero drift is comparatively high. 

Twelve speakers took part in the discussion which followed 
Mr. Kandiah’s remarks. Dr. G. B. B. Chaplin discussed, in 
some detail, the problems which arise with transistor chop- 
pers and gave recent performance figures. He pointed out 


UTILIZATION 


Electrical installation at Calder Hall 

THE meeting at Savoy Place on the 15th January 1959, in 
conjunction with the British Nuclear Energy Conference, was 
the occasion for the reading of a paper entitled ‘Electrical 
installations at Calder Hall nuclear power station’, which was 
presented by Messrs. N. J. Mackay and E. Hardwick and 
described the essential features of the installation with par- 
ticular regard to the security of the supplies to the reactors. 
Mr. R. A. Marryat was in the chair. A short review of the 
paper will be found on p. 228. 

Although Calder Hall was the first attempt to produce 
electrical energy from a nuclear source on anything approach- 
ing a commercial scale and is connected to the Grid system, 
the authors pointed out that these particular reactors are 
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that the limit of chopping frequency, which is about 1 ke/s, 
and hence the amplifier bandwidth, is determined by the 
transients which occur during chopping. With silicon trap. 
sistors, zero drifts of 10~!°amp have been achieved, but with 
a chopping frequency of 10c/s. He also referred to the recep; 
introduction of a new miniature thermionic valve, which is 
comparable in size to a transistor and has a measured grid 
current of 10-!! amp. 

Many of the subsequent speakers were interested in the use 
of transistors in d.c. amplifiers, and several suggestions were 
put forward which may lead to improved performance; jp 
particular it was felt that the use of miniature ovens to keep 
the input transistor stages at an even temperature might offer 
an attractive solution to the problem of drift. 

Several possible means of signal modulation or Chopping 
were suggested, among them being the use of the Hall effect, 
the silicon-diode bridge, and a photo-electric chopper using 
a photoconductive cell. At one point, in answer to a comment 
by Mr. M. Jervis on d.c. amplifiers for nuclear applications, 
Mr. Kandiah pointed out that with thermionic diodes an 
amplifier can be constructed having a logarithmic response 
up to six decades; this performance cannot be achieved with 
transistors. ‘ 

Mr. P. P. Eckersley was among those present, and he 
enlivened the discussion by inquiring why we speak of dc, 
amplifiers when everyone appears to be using them to measure 
a.c. signals. Keen discussion followed between him and Mr. 
Kandiah, and ultimately agreement was reached that a de. 
amplifier may be defined as an amplifier having a respons 
to zero frequency. 

It is apparent, from the trend of the discussion, that much 
effort will be devoted in the future to the development of 
d.c. amplifiers using semiconductor devices, and work in 
this field will undoubtedly be stimulated by the free inter- 
change of ideas which took place in this discussion. 

A vote of thanks, moved by the Chairman, brought the 


meeting to a close. F.C. W, | 


primarily plutonium producers and for this reason ar 
required to work at a steady temperature and, if possible, 
steady heat output, regardless of the generating variations 
which may occur. This necessitates full steam-dumping facili 
ties being provided, so that the reactors may maintain a ful 


output even when no generation takes place, and as a Cot f 


sequence also involves the provision of two control systems, 
one for the reactor and one for the generated output. 

It follows, therefore, that the electricity supply system 10 
the reactors must be such that it is able to maintain tk 
control and cooling of the reactors, regardless of the fate of 
the turbo-alternators; and, in the event of the main supply 
completely failing, an emergency supply must be available 


for residual-heat removal, ventilation, handling of active fue : 
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during discharge, and the maintenance of instrument supplies. 
Details were given of the electrical equipment required for 
poth normal and emergency operation of the reactors; and, 
in this connection, the method of changeover was also 
described, it being explained that, as this affected the safety 
of the reactor, it must be reliable. 

The discussion, opened by Mr. A. T. Crawford, was quite 
a lively one, in which many took part, and clearly demon- 
strated not only the divergence of opinion which exists 
regarding the solution of many of the electrical installation 
questions which are peculiar to nuclear stations but also the 
difference of approach which had to be adopted in the design 
of a civil station, where the reactors and heat exchangers 
are looked on as steam-raising plant, whereas the station 
which the authors described was primarily a plutonium 
producer. 

Also it was stated that in a civil station separate control 
rooms for the reactors and for generation could not be used, 
since load demands from the Grid must be related to reactor 
operation. 

Reference was made to the fact that, from the Grid trans- 
mission aspect, Calder Hall represented a substantial block 
of generation in an area where there were no loads of any 
magnitude. 

An interesting contribution to the discussion was an account 
of the special arrangements which were made on the occasion 
of the opening of Calder Hall by Her Majesty the Queen, 
whereby a certain area was isolated to enable it, on the 


On loan from the World Bank 


noT a financial loan but a valuable one in effort will occur 
when Mr. P. J. Squire delivers the Section Annual Lecture 
at Savoy Place on the 20th May 1959. The lecturer would not 





Mr. P. J. Squire—to lecture on the World Bank 


Mr. Squire received his engineering education and practical training 
in England. He spent periods both at home and abroad with a large 
oil company and for 15 years before 1957 was engaged on commercial, 
planning and operational activities with the C.E.B. and C.E.A. He 

Joined the technical operations department of the World Bank 
and is now deputy head of the Power Division 
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operation of a switch, to receive its supply entirely by nuclear 
energy. 

One elderly member present, referring to the large voltage 
variation, which resulted from no end-cell switching being 
provided because of the size of the battery, gently chided the 
authors by observing that, by using automatically controlled 
regulating switches, this particular difficulty with large bat- 
teries had, in his own experience, been overcome at least 
50 years ago. 

Varying views were expressed regarding the choice of drives 
for the gas circulators and also with respect to the relative 
merits of direct and alternating current for the emergency 
supply of the auxiliaries. In this latter connection, one speaker 
was quite forthright in his opinion that the d.c. system 
described by the authors was ‘simple but clumsy’. 

It was a most informative meeting on an aspect of a subject 
which must receive the increasing attention of many electrical 
engineers. R. H.R. 


Annual Dinner-Dance 


THE Annual Dinner-Dance of the Utilization Section was held 
on the 16th January 1959 at the Café Royal, when the Section 
were very pleased to have as their guests the President, the 
Chairman of the Automobile Division of The Institution of 
Mechanical Engineers, the Chairmen of the three other 
specialized Sections, and their ladies. Over 200 members of 
the Section and their guests were present, and the function 
was once again felt to have been most successful. 


SUPPLY 


wish his theme to be dilated on at this juncture, but the 
following comments may assist in introducing his subject 
‘The World Bank—what it is, what it does, and how it works’. 

Almost laconically, statements appear in the Press or are 
given in news bulletins that the World Bank is making a loan 
to support some project. Such schemes may be associated 
with power, industry, transportation or agriculture and are 
primarily in member countries. 

They are not fully financed, but assistance is given under 
definite repayable loan terms and then only after a full 
appraisal of the character, possibilities and returns has been 
exhaustively made. This aspect comes under the technical 
operations department, and undoubtedly Mr. Squire will 
indicate clearly the nature of the procedure involved in making 
assessments in respect of power requirements. 

Starting with post-war reconstruction activities in Europe, 
over 600 projects have been put in work during the past 10 
years, and approximately one-third have been associated with 
electric-power schemes. From the loans made, the economic 
growth and thereby the standards of living of member 
countries are being raised. 

Apart from the features of its work outlined above, since 
the Bank is associated with the United Nations it has by its 
good offices assisted towards the settlement of international 
economic problems. Recent examples of this form of con- 
sultation will readily be recalled. 

The Supply Section will be considerably indebted to Mr. 
Squire for his contribution to its programme in London, 
which will enable the highly diverse but interesting activities 
of the current session to end on a dominant note. 
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Turbogenerator ruggedness 


Presented at an Ordinary Meeting at Savoy Place on the 
5th February 1959 before the President and a full gathering, 
the Section paper entitled ‘Turbogenerator performance 
under exceptional operating conditions’, by Mr T. H. Mason, 
Dr. P. D. Aylett and Mr. F. H. Birch, had an excellent 
reception, as shown by the nature and extent of the discussion. 
A full report appears on p. 264, and the mimic scale of these 
notes only endeavours to recall a few of the highlights of the 
meeting. A short review of the paper appears on p. 239. 

The dependence of generating plant on the behaviour of 
automatic voltage regulators, when circumstances of difficult 
system loading exist, was clearly brought out during large- 
scale tests at Stella Power Station. Although, apparently, 
much trouble had been taken to enlighten operating personnel 
on the nature of expected events, the sight of instruments 
‘hard over’, as illustrated by a cine-recording taken during 


ELECTRONICS AND COMMUNICATIONS 


Pictures from ultra-sound waves 


AN equipment with applications to the non-destructive testing 
of materials and also to medical diagnosis was described 
in the lecture ‘Ultra-sound image camera’, given at Savoy 


A megacycle - per - second 
picture of perforated 
zinc sheet 


3mm between centres of 
holes. Photograph taken 
40cm from camera 





Place on the 18th February 1959 by Dr. C. N. Smyth and 
Mr. J. F. Sayers. 

Dr. Smyth, who read the lecture, explained the principle 
of the instrument, which is to immerse 
the object to be examined in a continuous- 
wave ‘ultra-sound’ field and to form an 
ultra-sound image of the diffraction pattern 
on a single piezo-electric plate. This plate 
is made the end wall of a scanning elec- 
tron tube similar to a television camera; 
the output current from the camera is 
proportional to the intensity of the inci- 
dent ultra-sound, and after amplification 
it is made to modulate the brightness of a 
television reproducer scanned in synchron- 
ism with the camera. 

Dr. Smyth was fortunate in having the 
loan of some closed-circuit television equip- 
ment, as this enabled him to display his re- 
ceived images simultaneously on the screens 
of three large cathode-ray tubes; the pictures 
were clearly visible to everyone in the 
Lecture Theatre. By a judicious mixture of 
slides, blackboard explanations and working 
demonstrations, he covered the earlier 
work in this field by Sokolov and Pohlmann, 
explained some of the principles of acoustic 
optics which control focusing, diffraction 
and resolution, and illustrated the latter 
points with various test specimens. 

Among these were some perforated sheets, 
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General view of present apparatus, showing scanning generator 


Camera is next to the Perspex water tank, in which the lens and small test object can & 
seen. On the right-hand end of the tank is the sound source 


conditions of out-of-step running and resynchronizing, mug 
have been somewhat horrifying to the onlookers. A fijp 
showing their facial reactions would have been of interest. 

It was generally agreed that the tests were an excellen 
supplement to those performed at Cliff Quay, and the valy 
of such combined system and generator tests was emphasizeg 
not only in the provision they make for checking the cal. 
culations associated with such problems but also in demop, 
strating the ability of the plant to withstand the demands in 
mechanical strength and heating performance. 


Summer Visit, Dublin, 10th-13th September 1959 


Advance details have already been circulated, and member 
are urged to make early application if they wish to participate 
in the excellent programme which the Irish Centre ar 
arranging. F. C. W, 


aluminium blocks containing flaws, loops of fine wire 
printed-circuit boards (with areas of poor adhesion), and 
some medical specimens. 

Dr. Smyth did not minimize the limitations of his equip. 
ment and emphasized in particular the improvements which 
would be needed before it could be used for medical purposes, 

The ensuing discussion was very lively, especially as two 
of the speakers, Mr. G. Bradfield and Mr. D. O. Sprouk, 
are well known protagonists of the alternative method of 
flaw detection employing pulse techniques. 

They both drew attention to the difficulties in continuous. 
wave transmission caused by boundary reflections and 
standing-wave patterns; in addition, refraction within the 
body under test can produce erroneous results, owing to 
foreign bodies acting as acoustic lenses. Mr. Bradfield pointed 
out that in Germany, since Pohlmann’s work of 12 years ago, 
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the method has declined in favour, and pulse techniques have 
grown in its place. 

Other speakers asked about the possible damage to cell 
tissue by ultra-sound excitation and the quantitative nature 
of the results obtained from the display, while one speaker 
suggested a possible application of the method to data 
storage, using stacks of perforated metal sheets immersed 
ina liquid. 

Dr. Smyth, in replying to the various questions and com- 
ments, accepted the existence of the many technical difficulties 
but still thought that the method had a real positive value in 
certain fields of use; his enthusiasm must have convinced 
many of those who were listening. 

Mr. G. Millington was Chairman for the evening, and in 
thanking Dr. Smyth for his unusual and most interesting 
lecture and demonstration he was echoing the views of his 
audience. ee 


Errors in data transmission 


on the 20th February 1959, with Mr. R. J. Halsey in the 
chair, a joint meeting was held with the Measurement and 
Control Section at Savoy Place, when Messrs. V. J. Terry 
and E. P. G. Wright talked about the errors arising in the 
transmission of data over long-distance telecommunication 
channels. It is generally agreed that extreme accuracy in the 
transmission of data signals over existing channels cannot 
readily be achieved and that the difficulties will increase as 
the transmission rate increases. 

The great improvement which is needed can be obtained 
more easily and economically by the use of error-detecting 
and error-correcting equipment than by attempting to improve 
the transmission channels themselves. Error detection involves 
the introduction of redundancies in the information trans- 
mitted, so as to give scope for checking. Thus, in each ‘word’, 
digits, additional to the essential ones, can be sent to enable 
‘parity’ checks to be made—in the simplest case, equal 
numbers of ‘marks’ and ‘spaces’; in a more complicated case, 
a block of ‘words’ with several parity checks. Best known 
is the Van Duuren ARQ system used for telegraph traffic 
over long h.f. radio circuits. 

Mr. Wright introduced the subject by discussing the 
statistics of the problem and the theoretical extent to which 
improvements can be effected by the redundancy arrange- 
ments; a practical case might require an over-all error rate 
of 1 in 108 bits, employing a transmission channel with an 
error rate not normally exceeding 1 in 10%. 

Mr. Terry followed, dealing with the types of telecom- 
munication circuit encountered in practice and the method 
devised to obtain accurately representative data concerning 
the basic error-rates in a form suitable for rapid processing. 
This is necessary before appropriate error-detecting and cor- 
recting systems can be designed. It was shown that the 
probability of errors conforming with the various undetect- 
able fault patterns is less with large block sizes than with 
small ones. 

There was a good discussion, opened by Mr. A. C. Frost, 
who gave some data obtained by the Post Office, and Mr. 
J. W. Freebody, who complained of the slowness of the 
development of data-transmission systems in this country. 
Mr. A. P. Clark spoke of field trials with a.m. equipment 
transmitting at 600-750 bauds over trunk carrier and audio 
links and giving a preponderance of single errors. Mr. A. M. 
Thornton introduced a lighter note by discussing error rates 


—. where he thought the average might be 1 in 10 
OF less. 
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The authors replied competently to the discussion but were 
necessarily brief because of the advancing hour. R. J. H. 


Klystrons and cavities 


MR. T. B. D. Terroni took the chair at the meeting on the 
23rd February 1959 at Savoy Place, when four papers, dealing 
with klystrons, travelling-wave tubes and cavity measurements, 
were presented. 

Mr. D. T. Gjessing’s paper ‘A simple investigation of the 
cross-modulation distortion arising from the pulling effect in 
a frequency-modulated klystron’ was read by the author, 
who had come from Norway specially for the occasion. He 
dealt with frequency-pulling effects and cross-modulation 
caused by mismatches in the aerial circuit of a reflex klystron 
used as a transmitter. A short review appears on p. 234. 

Messrs. G. W. Buckley and J. Gunson, authors of the 
second paper “Theory and behaviour of helix structures for 
a high-power pulsed travelling-wave tube’, were unable to be 
present, and so the abstract was read by Dr. J. Brown. The 
paper dealt with a multistart helix as the slow-wave structure 
for a high-power travelling-wave tube and opened with a 
description of a large 6MW klystron, followed by cold-test 
details of the new multistart helix structure. A short review 
of the paper is to be found on p. 233. 

The third paper ‘A multi-cavity klystron with double-tuned 
output circuit’, by Messrs. H. J. Curnow and L. E. S. Mathias, 
was presented by Mr. Curnow. This double-tuned output 
circuit was an addition to the large klystron described by 
P. G. R. King in last year’s International convention on 
Microwave valves. The double output circuit increases the 
bandwidth of the King klystron. This tube is quite large— 
several feet in length, as visitors to the convention will 
remember. The paper is reviewed on p. 229. 

Mr. F. H. James came from Geneva to present the last 
paper ‘A method for the measurement of very high Q-factors 
of electromagnetic resonators’, which is reviewed on p. 238. 
Mr. James explained that he would deal not with the mathe- 
matical considerations in his paper at the meeting but with 
the practical part of the work in more detail; and, to show 
everybody that he was not living in the clouds, he showed 
some slides of the large linear accelerator now being installed 
in the laboratories of the European Council for Nuclear 
Research at Geneva. He also dealt with some of the difficul- 
ties experienced in measuring the very high Q-factors of the 
resonator used for these applications. 

Mr. J. Dain opened the discussion by asking if Mr. Gjessing 
had considered the amplitude-modulation effects caused by 
his aerial system. He went on to consider the external field 
effects in the open helix structure described in the paper by 
Messrs. Buckley and Gunson. Referring to the paper by 
Messrs. Curnow and Mathias, Mr. Dain speculated on the 
difference in the results to be expected by putting more tuned 
cavities in the multi-cavity klystron rather than a separate 
output circuit. 

Other speakers followed, dealing with various technical 
points in the papers. Although all the papers were mathe- 
matical, the speakers dealt with the physical principles 
involved, and as a consequence the discussion proved to be 
very interesting. Mr. Gjessing is especially to be congratulated 
on the clear exposition of his paper and on the faultless 
English in which he presented it. Another interesting com- 
ment to be made about the meeting is that the speakers 
refrained from taking the chairman’s job away from him 
by giving thanks to the authors and left the chairman to 
perform his task in a very polished way. A. 3. @. 


263 








LONDON REPORT 








ORDINARY MEETINGS 


Simple—Timely— Direct 


AFTER a Royal send-off and a spate of nation-wide publicity, 
the events which had been initiated by the first subscriber call 
dialled over a trunk from Bristol culminated in a paper by 
D. A. Barron dealing with the ‘materia tecnica’ which had 
been prescribed to make these events possible. This paper, 
entitled ‘Subscriber trunk dialling’, was delivered to a packed 
and attentive audience at an Ordinary Meeting at Savoy Place 
on the 22nd January 1959. A short review of the paper appears 
on p. 236. 

Mr. Barron ranged over the complex subject in hand with 
a deft and light touch. He opened in a spirit of generosity, 
with a tribute to Switzerland and other countries where con- 
siderable advances had been made in trunk mechanization, 
and then proceeded to give a simple explanation of the logical 
stages in the development of trunk working from manual 
to semi-automatic and, finally, to dialling by the caller him- 
self over trunk networks. 

A series of colourful display panels of maps of the British 
Isles showed the way charging rates have been simplified since 
the original 1957 scheme to the present s.t.d. scheme, where 
any subscriber in the British Isles more than 50 miles from 
Bristol will be accessible for 12sec for the small unit fee of 2d. 

With the aid of a further series of panels, Mr. Barron 
dialled a call from a model of the new coin box and traced 
the call via Grace at the Bristol exchange to a subscriber 
connected to the Edinburgh exchange, by means of a map 
indicating route and charging-rate areas. 

Mr. Barron closed his introduction with a thought for a 
not-so-distant future when there will be fully automatic 
international telephone operation. 


An ambitious edifice 


To the audience, the display panels arranged across the 
front of the Lecture Theatre served their purpose well in 
lending colour and artistic merit to a presentation which had 
carved out the clear outlines of an ambitious edifice. This 
edifice has been built on foundations fashioned over the years 
with such foresight that they accepted readily the new shapes 
cast in the pattern of the times. The structure might appear 
to lack symmetry, but it has gained strength and a simplicity 
of line expressive of growth and vitality for the future. 

Sir Gordon Radley, opening the discussion, said that the 
future might well regard this as a classical paper. He pointed 
out that, while we may appear to be behind some countries 
of small compact lay-out, it was well to remember that Greater 
London had operated on a linked numbering scheme for 
many years, giving interdialling facilities to two million 
telephone subscribers. 

The complication of cross-boundary call charging had been 
eliminated at one stroke by charging on the basis of distances 
between centres of the calling and called groups of exchanges 
and by extending the local-call area to the adjacent group. 
Sir Gordon foresaw the need for accelerating the rate of 
development laid down by an official White Paper announcing 
that 75% of trunk calls should be dialled by the caller by 
1970, but he stressed that the time-table was going to be 
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determined by the need for absorbing some 30000-4009) 
operators who would be thrown spare. 

Mr. F. O. Morrell visualized a register-translator in the 
local exchange or centre which would scrutinize the number 
dialled and be able to decide whether it was going to be ap 
eight-, nine- or ten-digit code. It would survey the whole of 
the network to the called subscriber and then route the cajj 
the best possible way. He felt that in ten to twenty years, when 
the network -had expanded to embrace the whole of Europe, 
we might well regret not having catered for this from the start, 


No redundancy of operators 


Mr. L. S. Crutch considered that the gap between oy 
development and that reached on the Continent would not 
easily be closed and that this would have repercussions op 
our prospects in the export market. He made the interesting 
point that the introduction of trunk mechanization jp 
America, where operators are still necessary on some 15% 
of calls dialled, did not produce the expected reduction jp 
operators because of the large increase in the number of 
calls. 

Mr. F. I. Ray revealed that results from Bristol show that 
caller dialling is more reliable than operator dialling, which 
speaks well for the electronic equipment at Bristol, where 96% 
of calls which can be dialled are being dialled by the caller, 
This tended to focus attention on the importance of main- 
tenance at local exchanges. 

Among other speakers who took part, Mr. C. Riley 
emphasized that the new system was being based on the 
foundations of the existing equipment and that this was a 
tribute to the adaptability of the step-by-step system. Mr, 
J. R. Pollard suggested a register making use of time-sharing 
principles, which he thought would show economies over the 
system described. 

Mr. Barron, in an able reply, paid tribute to the work done 
by the headquarters and engineering staff of the Post Office, 
stressing that all efforts were now being devoted to providing 
a faster network. At present it could claim flexibility and 
reliability with a fast trunk switching system as a first step. 
A fast local system was now necessary to give speed over the 
network as a whole. He predicted that in 15-20 years the 
Post Office would have the outstanding telephone system of 
the world. This was no boast or sophism but the considered 
opinion of an acknowledged expert. 

The President called on the Chairman of the Electronics 
and Communications Section to propose the vote of thanks 
to the authors, and Mr. Millington wound up a most success 
ful evening with a humorous and witty speech. The most 
recent advance which had been made to his telephone, which 
was connected to a village exchange, had been the replace 
ment of a Leclanché cell by a dry battery, with the promis 
of an even greater advance in the future, when the batten 
would be dispensed with altogether. T. B. D.T. 


Large-scale tests 

THERE comes a time when all theories have to be tested, and 
it is a far cry from the laboratory, with all facilities available, 
to have to use a power station and at least part of a national 
network to check paper calculations. 

A pattern was set with the tests at Cliff Quay, using 45MW 
generators, but at the meeting at Savoy Place on the St 
February 1959 we were concerned with 60MW generator 
at Stella. The results of these tests were presented in a papi 
by T. H. Mason, P. D. Aylett and F. H. Birch entitled 
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Jurbogenerator performance under exceptional operating 
conditions’. A review of this paper appears on p. 239. 

Mr. Mason pointed out that the primary purpose of the 
tests had been an investigation into the performance of 
turbo-alternators with automatic voltage regulators whea 
operating at leading power factors and the techniques 
involved in resynchronization when the machine had fallen 
out of step. Tests had also been made to establish the limita- 
tions of connecting unexcited generators running at approxi- 
mately synchronous speed to the network and applying 
excitation subsequently. 

Dr. Aylett gave a running commentary on a film showing 
the fluctuations of the instruments during out-of-step running 
and during resynchronization. 

There was a lively discussion with 12 contributors, from 
which the general impression was gained that, with the 
advance in knowledge, it was no longer sufficient to design 
the parts of a network as individual entities: the network 
should be designed as a composite whole, so as to obtain the 
maximum utilization. 

The discussion was opened by Mr. W. D. Horsley, who 
had, in 1935, suggested that automatic voltage regulators 
could fulfil an important function in the operation of genera- 
tors at leading power factors. Unfortunately, it appeared that 
calculation techniques were inadequate at that time, and we 
have had to wait until now to ascertain whether they were 
adequate and to check them by tests. He was interested to see 
that the torque/slip characteristic calculations checked with 
the test results. It would also appear that there is no material 
advantage in adding damping windings to such machines. 

Mr. L. W. James, referring to the Cliff Quay tests, brought 
out one of their less publicized features—the reaction of the 
operating staff to being instructed to do those things which 
they had been trained not to do. The present tests carried 
this education a stage further, and the two series had been 
invaluable from this aspect. 

Dr. F. Buseman queried the statement that governor 





action had been found negligible and substantiated his query 
with an assessment of some of the records in the paper. In 


_ the reply to the discussion the authors admitted that their 


statement was misleading, as there was some effect. 

Mr. V. J. Vickers referred to the limitation set on asynchro- 
nous operation as. an induction generator, in so far as it 
affected stator heating. With modern, highly rated machines 
it might be necessary to reduce the power input to well below 
the value suggested by the authors before the machine would 
resynchronize. 

Mr. J. C. Miles and other speakers stressed the desirability 
of the operation being treated as an over-all system problem. 

A number of speakers discussed the introduction into the 
voltage-regulator control circuit of a function proportional 
to the rotor angle, and Mr. V. Easton illustrated the use of 
this technique as a reactive-power limitation with slides of 
tests made at Poole. Others queried the random application 
of this technique, since it could result in an increase in the 
voltage and reactive-power fluctuations. 

Mr. D. R. Fenwick referred to the control circuit of the 
regulators used at Stella and stated that analogue-computer 
results agreed with those obtained on the tests. The setting 
of the damping on the regulator could exercise a profound 
effect and varied with the external circuit as ‘seen’ by the 
machine. Usually a compromise setting was adequate, but 
with advances in design there should be an improvement. 

Mr. E. B. S. Powell made a plea for more mechanical data 
to be obtained in future tests; the necessity for this was shown 
at Cliff Quay and again in the tests now being considered. 

The authors dealt adequately with the discussion and in 
their turn made a plea for future tests to be designed around 
some automatic data-processing method, as the results and 
readings were very numerous, and reduction was tedious. 

The President complimented the authors on producing 
such an interesting paper, and the meeting closed with a vote 
of thanks proposed by Mr. D. P. Sayers, Chairman of the 
Supply Section. This was carried with acclamation. J. R. M. 





News from the Centres 


MERSEY AND NORTH WALES CENTRE 


Annual Golf Tournament 


THE Annual Golf Tournament will be held at the Southport 
and Ainsdale Course on Tuesday, 23rd June 1959. Members 
who wish to enter are requested to apply for details and 
tatry forms to Mr. F. J. Brown, c/o Merseyside and North 
Wales Electricity Board, Love Lane, Pall Mall, Liverpool 3. 

E. W. A. 


NORTHERN IRELAND CENTRE 


Anal Dinner and Dance 


Taz Annual Dinner and Dance was held in the Grand Central 
Hotel, Belfast, on the evening of the 9th January 1959, when 
the Centre was honoured by a visit from the President and 
Mrs. Goodall and the Secretary and Mrs. Brasher. The 
presidential party arrived at Belfast airport punctually at 
3pm. despite fog, snow and ice, and they slipped (literally) 
into Belfast about an hour later. 

Following the reception by the President and Mrs. Goodall 
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and Dr. and Mrs. D. S. Mcllhagger, about 170 members 
and visitors sat down to dinner. In proposing the toast of 
‘Our visitors’ the Chairman, Dr. Mcllhagger, referred to the 
‘rather lonely eminence of a President, poised at the top of 
a vast pyramid of some 44000 people, based on a massive 
foundation of shaky students’. 

Welcoming the representatives of the Irish Branch, the 
Chairman said that engineers from Northern Ireland and 
Eire worked happily together. ‘Transmission lines cross the 
border’ he said ‘and current flows freely in both directions— 
alternating current’. Referring to Eire’s hydro-electric station 
at Ballyshannon, Dr. MclIlhagger said ‘Lough Erne, in the 
north, provides the water supply, so down south they say the 
station runs on Orange juice’. 

The President, replying to the toast, said cheerfully that he 
never felt lonely, and rebutted the idea that The Institution 
resembled a pyramid. When he affirmed that he was sure all 
the guests were enjoying themselves, his happy smile made 
it quite patent that, at any rate, he was. In conclusion, he 
told the company something of the building programme on 
which The Institution had embarked at Savoy Place. “You 
may wonder who is going to pay for all this work’, he went 
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The President and Mrs. S. E. Goodall and the Chairman, 
Centre, and Mrs. D. S. Mcllhagger, receiving the Chairman of the Irish Branch and 
Mrs. R. L. S. Mc Dowell 





on. ‘Well, Ill tell you—you are.’ He hoped, however, that 
the extraction would be painless. 

The dinner ended at 10 p.m., and dancing went on until 
1 a.m., when a very happy evening concluded with hot soup 
and a cold journey home. 

On the following afternoon the presidential party reached 
Nutt’s Corner airport safely, to be informed that no more 
planes were taking off that day. A return to Belfast and 
thence to Dublin by Great Northern Railway enabled them 
to reach London by 9 p.m. 


Forced landing 


On Tuesday, 13th January 1959, the Northern Ireland 
Centre was to have heard Mr. J. J. L. Weaver describe how 
mercury-arc inverters could be used for generating medium 
frequencies for induction heating. Unfortunately, snow, ice 
and fog combined once more to show that air travel is still 
in the experimental stage, and Mr. Weaver spent a brief and 
unpremeditated holiday in the Isle of Man instead. 

At short notice the Chairman spoke of opportunities for 
women in professional electrical engineering and then invited 
a discussion on the subject. The general consensus, after a 
lively debate, was that many branches of the science could 
be pursued by women as well as, if not better than, by men, 
but that the scales were loaded against women entering the 
profession. 

Girls’ schools generally had difficulty (because of laboratory 
limitations) in preparing candidates for the entry requirements 
of university engineering schools. A large number of engineer- 
ing employers did not offer graduate training schemes to 
women. Finally, a married woman had great difficulty 
returning to the profession when her children no longer 
needed her in the home. 

The debate showed that everyone was interested in the 
subject but that several were biased (sometimes unconsciously) 
against women entering what they regarded as a closed shop. 
Many arguments against their entry were the same as have 
been offered when women tried to gain a foothold in any 
other profession. 
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Northern Ireland 


Ant-hills in Rhodesia 


At the fifth Ordinary Meeting of th 
session on Tuesday, 10th February, Mr. g 
Lyon delivered a paper entitled ‘The design 
of the 330kV transmission system fo, 
Rhodesia’. An article based on the paper 
was published in the September 1958 Journg 
p. 485. Transmission engineers present were 
filled with envy and incredulity at the 
pictures of bush clearance in preparation 
for line erection. The idea of Cutting a 
swathe 200ft wide and 60 miles long, deag 
straight, and without any obstruction 
more recalcitrant than an ant-hill, was 
something entirely new in their experience. 
where every wayleave has got to be negoti. 
ated in blood, and sweat, and tears, 

Despite the fact that Northern Ireland 
can hardly, in the foreseeable future, expe 
to employ voltages of the order described 
in the paper, a very interesting discussion 
followed its delivery. Mr. Lyon was left ip 
no doubt that he and his co-authors should 
have chosen 380kV, and he was advised to 
consider series-capacitance compensation 
more seriously and to look again at his protective equip- 
ment. However, he proved as adept at answering points raised 
in the discussion as he had been at presenting briefly a vey 
comprehensive paper, and we just succeeded in getting him 
aboard the Heysham steamer as the last gangway was lifted. 
D. S.M, 


NORTH MIDLAND CENTRE 


Loudspeaking 

THE sixth Ordinary Meeting on the 3rd February 1959 was 
held at the B.B.C. Leeds studios under the chairmanship of 
Mr. J. D. Nicholson, and 120 members were present. Mr. 
Nicholson announced that he had much pleasure in presenting 
to Mr. D. Graham the Bailley Memorial Prize awarded for 
his paper on ‘Power supply problems in coal-mining.’ 

The Chairman then invited Mr. D. E. L. Shorter to present 
his paper on ‘A survey of performance criteria and desig 
considerations for high-quality monitoring loudspeakers’ 
This proved of particular appeal to those members with 
an interest in high-fidelity reproduction. A short review od 
the paper appeared in the August 1958 Journal, p. 441. 

The paper was followed by a profound discussion which 
was dealt with very capably by the author. In proposing: 
vote of thanks to Mr. Shorter, the Chairman remarked tha 
the large attendance and the type of question asked demor- 
strated the great interest in this particular subject. He fel 
that in Mr. Shorter we had an expert who could deal ven 
ably with these problems of reproduction. 

A suitable reply was made by the author, who made special 
reference to Mr. Baird, who operated the demonstration 
At the conclusion of the meeting a demonstration of compart 
tive loudspeakers was given in a small room to an audience 
of about 12 people at a time; this emphasized many of th 
points dealt with in the paper. 


Utilization Group 
On the 20th January 1959 in Leeds an attendance of !! 
ensured a most successful informal discussion on ‘Trent 
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and future requirements affecting the wiring 
and testing of, and supply to, domestic in- 
sallations’. The rather long title allowed 
ample scope for the discussion to cover 
almost all points of view. We were pleased 
to welcome Mr. R. A. Marryat, the Section 
Chairman, and Mr. D. C. Brice, of the In- 
stitution staff. Both are concerned with 
keeping the Wiring Regulations up to date, 
and we trust that they heard some worth- 
while opinions and ideas. The discussion 
was opened by Messrs. M. Broadbent and 
E. Ellis. 

The next meeting was in Leeds on the 17th 
February 1959; the paper on ‘Electrical in- 
sallations at Calder Hall nuclear power 
sation’ was read by Mr. E. Hardwick, 
and his co-author, Mr. N. J. Mackay, replied 
to the discussion. A tour of the station was 
made via a fine set of colour slides. A short 
review of this paper appears on p. 228. — 

W. J. W. 


NORTH-WESTERN CENTRE 


Utilization Group 

tae Annual Dinner-Dance of the North-Western Utilization 
Group was held at the Embassy Rooms, Sale, on the 
6th February 1959. The Chairman of the Group, Mr. J. N. M. 
Legate, presided, and about 300 members and their guests 
had a very enjoyable evening. The only speech was a brief 
and witty welcome by Mr. Legate, to which Mr. R. A. 
Marryat, Chairman of the Section, responded. R. A. M. 


SCOTTISH CENTRE 


District Meetings 


THE wide area covered by the Scottish Centre makes desirable 
anumber of District Meetings in places ranging from Dum- 
fies in the south to Thurso in the north. In Galashiels, on 
the 24th February 1959, a paper prepared by Mr. E. J. Sutton 
of the National Inspection Council, dealing with the work 
of that organization, was read in Mr. Sutton’s unavoidable 
absence by the two Scottish inspectors for the Council, Mr. 
M. Kerr and Mr. J. S. Fraser. An attendance of 110 led to a 
vey lively discussion, which had to be terminated owing to 
the lateness of the hour. 

The South-East Scotland Sub-Centre is very glad to be 
able to organize this yearly meeting in Galashiels in order 
to show its appreciation of the valuable support given to the 
Edinburgh meetings by members from the Border Country; 
at a recent meeting on a very foggy Edinburgh night more 
than half of those present had made the 35-mile journey over 
the hills from the Galashiels area. 

During the early part of the present session other District 
Meetings have been held in Dunfermline, when Mr. R. J. 
Rennie’s Chairman’s Address was very ably presented by 
his assistant, Mr. R. Clarke; in Inverness, when Mr. W. M. 
Stevenson spoke on floor heating and private discussions 
on the subject continued well into the night; and in Thurso, 
when Mr. C. L. C. Allen repeated a paper on the work of 
the North of Scotland Hydro-Electric Board that he had 
previously given at formal meetings in Aberdeen and Dundee. 
in all cases the meetings were most successful and amply 
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A group at the Annual Dinner-Dance of the North-Western Utilization Group 


justified the trouble taken by the local organizers and the 
support given by the Sub-Centres concerned. E. O. T. 


SOUTHERN CENTRE 


The Faraday Lecture goes south 


THE Southampton Guildhall is ideal for the presentation of 
the Faraday Lecture. It is capable of seating 1600, and on 
Monday, 9th February 1959, the day of the presentation of 
the Faraday Lecture to the Southern Centre, it was packed 
to capacity in the afternoon by boys and some girls from 
local grammar and technical schools, and again in the evening 
by visitors drawn from a wide area of the South Coast. 

The lecture was a masterpiece of presentation, and with 
Mr. W. J. Kennedy, Dr. H. A. Thomas’s principal assistant 
at the control console, the curtains glided into place with 
correct timing, lights appeared on the models, apparatus 
moved about the stage, and tennis balls were shot with 
admirable accuracy into a box across the stage. 

Once again, audiences at Southampton have been brought 
up to date in some aspect of the electrical technology initiated 
by Michael Faraday. The rapt attention of the audiences, 
particularly the juvenile audience, was ample tribute to the 





A schoolmaster’s dream 


Utter absorption was shown on these young faces when Dr. Thomas 
presented the Faraday Lecture to an audience of Southampton school- 
children on the 9th February 1959 
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lecturer and his colleagues and to the inherent interest of the 
subject presented. 

Without doubt, many of the rising generation present will 
be among the first to benefit from the rewards to mankind 
of this entry into the new Industrial Revolution, the promised 
new era of freedom from drudgery. cA. t. 


WESTERN CENTRE 


District Meetings 


DISTRICT Meetings fulfil a useful function where there are 
groups of enthusiastic members whose position geographically 
is some distance from the usual Centre meetings. One such 
location is around Gloucester and Cheltenham, and the 
District Meetings which have been held there for some time 
have been highly successful. 

One such meeting was held on the 16th February 1959 at 
the North Gloucester Technical College, and though it had 
opposition in the form of another meeting in the town, held 
by the Instruments Society, there was a good attendance. 

This lecture was unusual in that it was most informal. The 
speaker, Mr. D. W. Willis, discussed in detail the problems 
confronting the designer of frequency-modulation measuring 
equipment and gave novel blackboard illustrations to make 
his points. 

Most outstanding, however, were his views on extracting 
ideas for the solution of a problem from his team of engineers. 
Based on the American idea, that putting the right question 
to an engineer may produce a ‘brainstorm’ answer which 
he would not normally arrive at by his own systematic 
thinking, they set off a volley of good-humoured argument 
which showed no sign of abatement when it was necessary to 
draw the meeting to a close. 

A vote of thanks was proposed by Mr. C. H. Farrow, of 
the B.B.C. Engineering Training Department, and was carried 
with acclamation. The arrangements for this meeting were 
in the hands of Mr. A. Tranter, lecturer at the Technical 
College, and all credit is due to him for this and other 
meetings held there. Oo; 3. T. 


WEST WALES (SWANSEA) SUB-CENTRE 


A very good start for the Faraday Lecture 

THE 1958-59 Faraday Lecture on ‘Automation’ was delivered 
by Dr. H. A. Thomas on the 25th November 1958. It was 
given in the Brangwyn Hall, Swansea, to two audiences. The 
afternoon audience comprised 1486 secondary-school chil- 
dren, of whom 100 came from Cardiff, 43 from Pembroke- 
shire, and the remainder from Swansea and neighbouring 
areas of Glamorgan, through the co-operation of the various 
education authorities. 

The evening session was a public one and was attended by 
an audience of some 1100, which would have been larger still 
if fog had not fallen suddenly in the late afternoon. Both 
audiences were fascinated by the illustrations and demon- 
strations given by the lecturer and gave him and his team 
of operators and assistants loud applause; thus the Faraday 
Lecture had a very good start for its tour. 


Dinner-Dance 
On the 3rd December 1958 the Sub-Centre’s Annual 
Dinner-Dance was held at the Langland Bay Hotel, Swansea, 
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under the chairmanship of Mr. T. Gill, who was accompanie 
by his wife. Guests and members numbered 108. 

The chief guest was Prof. E. Victor Morgan of the Depar. 
ment of Economics, University College of Wales, Swansea, 
In a very happy speech proposing the toast of The Institution 
he sketched the part played by electricity in the economic 
development of the country and the great future before j; 
and praised the work done by The Institution and its membey, 

The response to the toast was made by Mr. G. S. C. Lucas 
a Vice-President. He referred to the urgent problems of 
educating engineers and technicians, and appealed to member 
to support the Benevolent Fund. 

Mr. I. G. Evans, Immediate Past-Chairman of the Syp. 
Centre, proposed the toast of our guests. His Worship the 
Mayor of Swansea replied. 

We were pleased to welcome the Mayoress of Swansea: 
Mrs. E. Victor Morgan; Mrs. G. S. C. Lucas; Mr. A. E 
Grimsdale, a director of Metropolitan-Vickers Electrical Co, 
Ltd., and Mrs. Grimsdale; Mr. and Mrs. J. S. Hall; Mr 
J. Vaughan Harries, Immediate Past-Chairman of th 
Utilization Section, and Mrs. Harries; and Mr. J. F. Wright 
Immediate Past-Chairman of the Western Centre, and Mr. 


Wright. 
During the dance a sum of £26 12s. was collected for the 
Benevolent Fund—a record for the Sub-Centre. AE 


News from abroad 


TRINIDAD AND TOBAGO JOINT 
OVERSEA GROUP 


Carnival time 

FEBRUARY 1959 was a quiet month for the Joint Group, but 
this was probably a good thing as the many attractions befor 
Carnival and, of course, Carnival itself would no doubt have 
reduced the numbers present at any meeting. During th 
month, we had submitted to us by the Trinidad and Tobago 
Planning and Housing Commission sections of a new pro- 
posed Building Law for our comments. Mr. A. H. Richard 
is to be our representative when the Commission calls for 
our views. 

We were exceedingly sorry to say good-bye to Mr. W. 
Cotsworth, who has left Trinidad for a new appointment 1 
Colombia. Walter Cotsworth has been one of the Group’ 
staunchest supporters since it was formed in 1957. 

Both Mr. D. D. Ash, our Chairman, and Mr. D. P. 1. 
Holbrook, our Honorary Secretary, have been abroad for 
short periods—both no doubt viewing works of engineerin 
interest and returning full of new ideas—Mr. Ash in British 
Guiana and Mr. Holbrook in the United States. D.P.J.H 


AUTOMATIC CONTROL CONFERENCE 
THE Professional Group on Automatic Control of the Inst: 
tute of Radio Engineers will sponsor a National Automat 
Control Conference on the 4th-6th November 1959 4 
Dallas, Texas. 

Further details on contributions are obtainable from 
G. S. Axelby, Westinghouse Electric Corporation, Box ™ 
Baltimore 3, Maryland, U.S.A. 
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PATRON: H.M. THE QUEEN 

i bs Chairmen and 
Council, 1958-59 Bey oe 
S. E. GOODALL, M.SC.(ENG.), F.Q.M.C. of Sections 


W. H. ECCLES, D.SC., F.R.S. 

THE RT. HON. THE EARL OF MOUNT 
EDGCUMBE, T.D. 

J. M. DONALDSON, M.C. 

PROF. E. W. MARCHANT, D.SC. 

H. T. YOUNG 

SIR GEORGE LEE, O.B.E., M.C. 

SIR ARTHUR P. M. FLEMING, C.B.E.. D.ENG., 
LL.D. 

J. R. BEARD, C.B.E., M.SC. 

SIR NOEL ASHBRIDGE, B.SC.(ENG.) 

COL. SIR A. STANLEY ANGWIN, K.C.M.G., 
K.B.E., D.S.0., M.C., T.D., D.SC.(FNG.) 

SIR HARRY RAILING, D.ENG. 

P, DUNSHEATH, C.B.E., M.A., D.SC.(ENG.) 

SIR VINCENT Z. DE FERRANTI, M.C. 

T. G. N. HALDANE, M.A. 

PROF. E. B. MOULLIN, M.A., SC.D., LL.D. 

SIR ARCHIBALD J. GILL, B.SC.(ENG.) 

SIR JOHN HACKING 

COL. B. H. LEESON, C.B.E., T.D. 

SIR HAROLD BISHOP, C.B.E., B.SC.(ENG.) 

SIR JOSIAH ECCLES, C.B.E., D.SC. 

SIR GEORGE H. NELSON, BART. 

SIR W. GORDON RADLEY, K.C.B., C.B.E., 
PH.D.(ENG.) 

T. E. GOLDUP, C.B.E. 


Chairmen and 
Past-Chairmen of 
Local Centres 


SIR WILLIS JACKSON, D.SC., D.PHIL., 
DR.SC.TECH., F.R.S. 

G. S. C. LUCAS, O.B.E. 

SIR HAMISH D. MACLAREN, K.B.E., C.B., 
D.F.C., LL.D., B.SC. 

C. T. MELLING, C.B.E., M.SC.TECH. 

A. H. MUMFORD, O,B.E., B.SC.(ENG.) 


B. LEETE 


J. A. BROUGHALL, B.SC.(ENG.) 

PROF. M. W. HUMPHREY DAVIES, M.SC. 
SIR JOHN DEAN, B.SC. 

B. DONKIN, B.A. 

J. M. FERGUSON, B.SC.(ENG.) 

D. C. FLACK, B.SC.(ENG.), PH.D. 

J. S. FORREST, D.SC., M.A. 

R. J. HALSEY, C.M.G., B.SC.(ENG.) 


Measurement and Control 
J. K. WEBB, M.SC.(ENG.), B.SC.TECH. 
*H. S. PETCH, B.SC.(ENG.) 


Electronics and Communications 
G. MILLINGTON, M.A., B.SC. 
*J. S. MCPETRIE, PH.D., D.SC. 


Supply 
D. P. SAYERS, B.SC. 
*PROF. M. G. SAY, PH.D., M.SC., F.R.S.E. 


Utilization 
R. A. MARRYAT, B.SC.(ENG.) 
*J. VAUGHAN HARRIES 


East Midland 
D. E. LAMBERT, B.SC.(ENG.) 
*J. D. PIERCE 


Mersey and North Wales 
J. COLLINS 
*T. MAKIN 


North-Eastern 
A. T. CRAWFORD, B.SC. 
*T, W. WILCOX 


North Midland 
J. D. NICHOLSON, B.SC. 
*A. J. COVENEY 


North-Western 
PROF. F. C. WILLIAMS, O.B.E., D.SC., 
D.PHIL., F.R.S. 
*F, R. PERRY, M.SC.TECH. 


Northern Ireland 
D. S. McILHAGGER, PH.D., M.SC. 
*C, M. STOUPE, B.SC. 


Scottish 
R. J. RENNIE, B.SC. 
*E, O. TAYLOR, B.SC., F.R.S.E. 


South Midland 
J. ASHMORE 
*L. L. TOLLEY, B.SC.(ENG.) 


Southern 
G. BISHOP, B.SC. 
*L. G. A. SIMS, M.SC., PH.D., D.SC. 


Western 
R. W. STEEL 
*J, F. WRIGHT 


* Past-Chairman 





E. M. HICKIN 
J. B. HIGHAM, PH.D., B.SC. 
F. C. MCLEAN, C.B.E., B.SC. 
B. L. METCALF, B.SC.(ENG.) 
J. R. MORTLOCK, PH.D., B.SC.(ENG.) 
R. H. PHILLIPS, T.D. 


H. V. PUGH Assistant Secretary 
J. R. RYLANDS, M.SC., J.P. Chief Asceestent 
D. P. SAYERS, B.SC. ; 

C. E. STRONG, O.B.E., B.A., B.A.I. Editor-in-Chief 
D. H. TOMPSETT, B.SC.(ENG.) Editor, Journal 


H. WATSON-JONES, M.ENG. 
H. WEST, M.SC. 


SECRETARY 
Deputy Secretary 
Principal Assistant Secretary 


Editor, Science Abstracts 


W. K. BRASHER, C.B.E., M.A., M.LE.E. 
F. JERVIS SMITH, M.I.E.E. 

F. C. HARRIS 

N. C. STAMFORD, M.SC.TECH., M.1.E.E. 
F. H. JOB, F.A.C.C.A., A.C.LS. 

G. E, WILLIAMS, B.SC.(ENG.), M.LE.E. 
W. G. ASKEW, M.C. 

B. M. CROWTHER, M.A., PH.D. 





Local Gentre Officers 





EAST MIDLAND CENTRE 

Chairman: D. E. LAMBERT, B.SC.(ENG.) 

Hon. — H. T. Price, Brush Electrical Engineering Co. Ltd., Lough- 
rou; 


Hon. Asst. Secretary: J. BARNES, 31 Oakwell Drive, Iikeston, Derbyshire 


Cambridge Electronics and Communications Group 

Chairman: N. C. ROLFE, B.SC.(ENG.) 

Hon. Secretary: H. V. BECK, M.A., B.SC., The Cavendish Laboratory, Free School 
Lane, Cambridge 


East Anglian Sub-Centre 

Chairman: R. A. W. CONNOR 

Hon. Secretary: Cart. N. HILLER, B.SC.(ENG.), Cambridgeshire Technical College 
and School of Art, Collier Road, Cambridge 

Hon. Asst. Secretary: J. H. HowarpD, 28a Cavendish Avenue, Cambridge 


MERSEY AND NORTH WALES CENTRE 

Chairman: J. COLLINS 

Hon. Secretary: S. TOWILt, B.SC.(ENG.), 74 Hoole Road, Chester 

Hon. Asst. Secretaries: D. Boyp, c/o The English Electric Co. Ltd., Liverpool 
Works, East Lancashire Road, Liverpool; J. N. FLETCHER, B.SC., PH.D., Brookhirst 
Switchgear Ltd., Northgate Works, Chester 


NORTH-EASTERN CENTRE 

Chairman: A. T. CRAWFORD, B.SC. 

Hon. Secretary: R. BRUCE, M.Sc., C. A. Parsons and Co. Ltd., Heaton Works, 
Newcastle upon Tyne 

Asst. Secretary: R. W. SHIELD, 152 Edge Hill, Darras Hall, Ponteland, Newcastle 
upon Tyne 


North-Eastern Electronics and Measurement Group 

Chairman: G. H. HICKLING, B.SC. 

Hon. Secretary: R. BRucg, M.sc., C. A. Parsons and Co. Ltd., Heaton Works, 
Newcastle upon Tyne 

Hon. Asst. Secretary: W. B. DoTCHIN, B.SC., Rutherford College of Technology, 
Northumberland Road, Newcastle upon Tyne | 


Tees-Side Sub-Centre 
Chairman: L. F. Rosson, B.A. 
Hon. Secretary: D. W. PATTENDEN, 45 Stanhope Grove, Acklam, Middlesbrough 


NORTH MIDLAND CENTRE 
Chairman: J. D. NICHOLSON, B.SC. 
Hon. ord H. A. Carr, c/o A. Reyrolle and Co. Ltd., 20 St. Paul’s Street, 


Hon. Asst. Secretary: T.H. SCHOLES, c/o A. Reyrolle and Co. Ltd., 20 St. Paul’s 
t, Leeds 1 

North Midland Utilization Group 

Chairman: A. R. RuMFITT 

Hon. Secretary: E. R. W. BRINKWORTH, c/o George Ellison Ltd., Norwich Union 
uilding, City Square, Leeds 1 

Sheffield Sub-Centre 

Chairman: F. A. BENSON, D.ENG., PH.D. 

Hon. Secretary: J. Sykes, 5 Mercia Drive, Totley Rise, Sheffield 


Hon. Asst. Secretaries: J. E. CALDWELL, B.SC.(ENG.), 5 Cockshutt Road, Beauchief, 
Sheffield; D. N. ROBERTS, B.ENG., 303 Fulwood Road, Sheffield 


NORTH-WESTERN CENTRE 

Chairman: Pror. F. C. WILLIAMS, 0.B.E., D.SC., D.PHIL., F.R.S. 

Hon. Secretary: H. DiGGLE, B.SC.TECH., Transformer Engineering Dept., Metro- 
politan-Vickers Electrical Co. Ltd., Wythenshawe, Manchester 23 
North-Western Measurement and Control Group 

Chairman: T. K1LBuRN, M.A., PH.D., D.SC. 

Hon. Secretary: R. W. Fryer, 2 Rossett Avenue, Timperley, Altrincham, Cheshire 
North-Western Electronics and Communications Group 

Chairman: R. FEINBERG, DR.ING., M.SC. 

Hon. Secretary: J. DALTON, 12 Cedar Avenue, Claypool Road, Horwich, Lancs. 


North-Western Supply Group 

Chairman: J. WHITFIELD 

Hon. Secretary: J. B. KitsHAwW, System Planning and Design Engineer, North 
Western Electricity Board, No. 3 Sub-Area, Union Street, Oldham, Lancs. 
North-Western Utilization Group 

Chairman: J. N. M. LEGATE, B.SC. 

Hon. Secretary: W. F. Jarvis, 8 Fairview Road, Timperley, Cheshire 


North Lancashire Sub-Centre 

Chairman: C. E. SMITH, B.SC.(ENG.) 

Hon. Secretary: F. Day, c/o North Western Electricity Board, 40/41 Lune Street, 
Preston 
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NORTHERN IRELAND CENTRE 

Chairman: D. S. MCILHAGGAR, PH.D., M.SC. 

Hon. Secretary: R. L. Marrs, B.sc., “Chez Moi’, Mosside Road, Dunmurry 
Co. Antrim ‘ 
Hon. Asst. Secretary: W. H. FarMer, Room 49, Telephone House, 1 Cromac 
Street, Belfast 


SCOTTISH CENTRE 

Chairman: R. J. RENNIE, B.SC. 

Hon. Secretary and Treasurer: J. H. P. DE VILLiERS, A.H.-W.C., Bruce Peebles ang 
Co. Ltd., 19 Waterloo Street, Glasgow C.2 


North Scotland Sub-Centre 
Chairman: S. R. URQUHART 


Hon, Secretary and Treasurer: K. J. MCCONNELL, c/o Jute Industries Ltd., Engi. 
neering Dept., Tay Carpet Works, Lochee Road, Dundee 


South-East Scotland Sub-Centre 

Chairman: J. MENDELSON 

Hon. Secretary: G. 1. THOMAS, B.SC., Ferranti Ltd., Ferry Road, Edinburgh § 
Hon. Asst. Secretary: J. B. MCPHERSON, ‘Forth View’, Haddington Road, Tranen; 
East Lothian 


South-West Scotland Sub-Centre 

Chairman; W. ADAM, B.SC. 

Hon. Secretary and Treasurer: D. W. GreGoryY, c/o Johnson and Phillips Ltd, 
59 Berkeley Street, Glasgow C.3. 

Hon. Asst. Secretary: D. R. ROLLO, B.SC.(ENG.), 44 Woodhead Avenue, Kirkin- 
tilloch, Glasgow 


SOUTH MIDLAND CENTRE 

Chairman: J. ASHMORE 

Hon. Secretary: E. H. Cox, Midlands Electricity Board, Mucklow Hill, Halesowen, 
irmingham 

Hon. Asst. Secretary: J. C. Pyatt, c/o Central Electricity Generating Board, 

Nechells ‘B’ Power Station, Nechells, Birmingham 


South Midland Electronics and Measurement Group 

Chairman: J. S. ROEBUCK, B.SC. 

Hon. Secretary: E. S. JOHNSON, c/o Telephone Manager, 63 Hagley Road West, 
Birmingham 17 


South Midland Supply and Utilization Group 
Chairman: J. R. ANDERSON, T.D., B.SC.(ENG.) 
Hon. Secretary: H. C. Fox, George Ellison Ltd., Perry Barr, Birmingham 22B 


North Staffordshire Sub-Centre 

Chairman: R. W. PALMER 

Hon. Secretary: P. W. R. GaTLirFF, B.sc., The English Electric Co. Ltd., Stafford 
Hon. Asst. Secretaries: A. P. Baines, 51 Springfield Drive, Mosspitt, Stafford; 
(Stoke) P. Fincu, 14 Brookfield Avenue, Endon, Stoke on Trent; (Stone) C.E 
Woo.Ley, K8 Raleigh Hall, Eccleshall, Staffs. 


Rugby Sub-Centre 

Chairman: E. M. PRICE, M.A. 

Hon. Secretary: J. RICHMOND, M.B.E., B.ENG., 53 Vernon Avenue, Rugby 

Hon. Asst. Secretary: R. W. RoBINnson, 51 Yates Avenue, Newbold Glebe, Rugby 


SOUTHERN CENTRE 

Chairman: G. BISHOP, B.SC. 

Hon. Secretary: H. W. Hous.ey, 15 Southdown Road, East Cosham, Portsmouth, 
Hants. 

Hon. Asst. Secretaries: A. C. TREMAIN, B.SC.(ENG.), Municipal College, Port 
mouth, Hants; C. G. BRAMMER, 48 Brecon Avenue, East Cosham, Hants. 


WESTERN CENTRE 

Chairman: R. W. STEEL 

Hon. Secretary: F. F. FREELING, Midlands Electricity Board, Bowling Hil, 
Chipping Sodbury, Bristol 

Hon. Asst. Secretaries: (Bristol) W. D. MORGAN, W. T. Glover and Co. Ltd, 
123 Victoria Street, Bristol 1; (Cardiff) D. STEPHENS, 7 Clovelly Crescent, Lia 
rumney, Cardiff 


Western Supply Group 

Chairman: A. G. MILNE 

Hon. Secretary: A. A. BECKINGSALE, Central Electricity House, 26 Oakfield Roa, 
Bristol 8 


Western Utilization Group 

Chairman: C. E. Dew 

Hon. Secretary: G. M. HuGues-Ca.ey, The British Thomson-Houston Co. Ltd, 
42 Baldwin Street, Bristol 1 

Hon. Asst. Secretary: W. S. Evans, The British Transport Commission, Sout 
Wales Docks, Roath Dock, Cardiff 
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tocal Centre Officers (continued) 


South-Western Sub-Centre 
Chairman: Capt. W. W. H. ASH, A.D.C., R.N. 
Hon. Secretary: G. B. Devey, P.O. Engineering Dept., 23 Victoria Park Road, 


Exeter 
Hon. Asst. Secretary: Lt.-Cmpr. A. O. H. ASHTHORPE, 151 Fort Austin Avenue, 
Crownhill, Plymouth 


West Wales (Swansea) Sub-Centre 

Chairman: T. GILL, B.SC. 

Hon, Secretary: W. E. Lewis, B.SC., PH.D., 19 Wimmerfield Crescent, Killay, 
Swansea 

Hon. Asst. Secretary: D. H. HuGues, 5 Hillside, Furnace, Llanelly, Carmarthen- 
spire 


Qversea Branches 


CALCUTTA BRANCH 
Chairman: H. C. HARDY 


Hon. Secretary: L. W. BRazet, The Calcutta Electric Supply Corporation Ltd., 
Victoria House, Calcutta 


CEYLON BRANCH 
Chairman: Pror. R. H. PAUL, M.A., B.SC. 


Hon. Secretary: M. 1. Aziez, B.sc., Electrical Engineer, Operations and Mainten- 
une, Dept. of Government Electrical Undertakings, P.O. Box 540, McCallum 
Road, Colombo 10 


RISH BRANCH 
Chairman: R. L. S. MCDOWELL, B.Sc. 


Hon. Secretary: J. MCKEEVER, B.SC.(ENG.), The General Electric Co. Ltd., 13 
Trinity Street, Dublin 


Wersea Committees 


AUSTRALIA 

New South Wales 

Chairman: H. B. Woop, B.SC., M.E. 

Hon, Secretary: D. K. Muir, I.E.E. Box 701, G.P.O., Sydney 


Chairman: A. S. FAULKNER 


Hon. Secretary: W. 1. GEORGE, B.E., c/o The English Electric Co. Ltd., P.O. Box 
6F, G.P.O., Brisbane 


South Australia 
Chairman: Pror. E. O. WILLOUGHBY, M.A., B.E.E. 
Hon, Secretary: E. E. Story, 25 Balham Avenue, Kingswood, Adelaide 


Victoria and Tasmania 
Chairman: J. WILSON 
Hon, Secretary: D. P. Davies, m.sc., Pen Bryn, Mt. Macedon, Victoria 


Western Australia 
Chairman: K. W. TAPLIN, B.E. 
Hon, Secretary and Treasurer: R. R. Lake, B.£., c/o 132 Murray Street, Perth 


CANADA 
Toronto 
Chairman: THE OvERSEA REPRESENTATIVE OF THE COUNCIL 


INDIA 

Bombay 

Chairman: J. C. PATEL, B.SC. 

Hon. Secretary: T. M. SHIvRAM, Services Engineer (North), B.E.S. and T. Under- 
Electric House, Post Fort, Bombay 1 

Madras 

Chairman: R. WRIGHT, M.B.E. 

Hon, Secretary: N. C. S. KUMAR, B.SC., c/o Associated Electrical Industries 

(India) Ltd. 35/5 Mount Road (First Floor), P.O. Box 2710, Madras 2 


MALAYA AND SINGAPORE 
Chairman: THz OVERSEA REPRESENTATIVE OF THE COUNCIL 


NEW ZEALAND 

Chairman: F. T. M. KissEL, 1.8.0., B.SC. 

Hon. Secretary: E. H. R. GREEN, C.B.E., M.SC., Engineer-in-Chief, General Post 
Wellington C.1 

SOUTH AFRICA 

Transvaal and Orange Free State 

Chairman: TH OVERSEA REPRESENTATIVE OF THE COUNCIL 


APRIL 1959 


Oversea Representatives of the Council 


ARGENTINA 
A. C. Towers, Acassuso 841, Olivos, F.N.G.B.M., Prov. de Buenos Aires 


BRAZIL 

E. WINSTANLEY, B.SC.(ENG.), The Rio de Janeiro Flour Mills and Granaries Ltd., 
Caixa Postal 486, Rio de’ Janeiro 

BURMA 

C. H. MELLOorR, c/o Rangoon Electric Supply Board, 503/9 Merchant Street, 
Rangoon 

CANADA 


J. M. THOMSON, M.A.SC., PH.D., Ferranti-Packard Electric Ltd., Industry Street, 
Toronto 15, Ontario 


(Ontario) F. S. BARTON, C.B.E., M.A., B.SC., 16 Roxborough Apartments, Laurier 
Avenue W., Ottawa, Ontario; (Quebec) F. L. LAwTon, B.A.sc., c/o Aluminium 
Laboratories Ltd., 1800 Sun Life Building, Montreal, Quebec 

CAPE PROVINCE 

C. G. Downik, B.SC., c/o City Electricity Dept., P.O. Box 82, Cape Town 


CEYLON 
D. M. GILL, c/o Ceylon Rediffusion Service Ltd., P.O. Box 1002, Colombo 


EAST AFRICA 

A. O. CosGRrove, B.sc., The General Electric Co. Ltd., P.O. Box 5100, Nairobi 
Deputy Representatives (Uganda): J. M. STOCK, 0.B.£.,M.ENG., Uganda Electricity 
Board, Kampala; (Tanganyika): J. H. Grirrirus, c/o Public Works Dept. 
Headquarters, Dar-es-Salaam, Tanganyika 

FAR EAST 


D. S. Hitt, Reiss, Bradley and Co. Ltd., National City Bank of New York 
Building, 2 Queen’s Road C, Hong Kong 


FRANCE 
P. M. J. AiLreret, Electricité de France, 12 Place des Etats-Unis, Paris (16¢) 


Deputy Representative: R. A. TELLIER, ING.E.s.£., c/o Electricité de France, 
12 Place des Etats-Unis, Paris (16¢) 


INDIA 


F. Wape-Cooper, Magnet House, Chittaranjan Avenue, P.O. Box 8974, Cal- 
cutta 13 


Deputy Representatives: L.W. BRAZeEL, The Calcutta Electric Supply Corporation, 
Ltd., Victoria House, Calcutta 


(Bombay) J. H. SMyTue, B.sc., Greaves, Cotton and Crompton Parkinson Ltd., 
1 Forbes Street; (Delhi) SHtv NARAYAN, SC.D., M.SC., B.E., M.A., B.SC., 2547 Nai 
Wara, 6; (Madras) J. MEEK, B.SC.(ENG.), c/o General Electric Co. (India) Ltd., 
Magnet House, Mount Road, P.O. Box 351 


ISRAEL 
B. F. Moss, 94 Hayarkon Street, Tel-Aviv 


MALAYA AND SINGAPORE 

W. TRAFFORD, M.B.E., Telecommunications Dept. (Special Services), Fullerton 
Building, Singapore 1 

Deputy Representative: Appointment pending 


MIDDLE EAST 
Appointment pending 


NATAL 
R. M. O. Simpson, c/o Electricity Dept., P.O. Box 147, Durban 


NEAR EAST 

H. D. Furser, c/o Iraq Petroleum Co. Ltd., Electrical Engineering Dept., P.O. 
Box 150, Tripoli, Lebanon 

Deputy Representative: Pror. R. W. SLOANE, M.A. PH.D., B.SC., Director of the 
Engineering Experimental and Service Laboratories, American University of 
Beirut, Beirut, Lebanon 

NEW SOUTH WALES 

J. T. Roto, LE.E. Box 701, G.P.O., Sydney (telephone Sydney B0323, Ext. 313) 


NEW ZEALAND 
E. H. R. GREEN, C.B.E., M.SC., Engineer-in-Chief, General Post Office, Wellington 
C.l 


PAKISTAN 
A. E. C. Gisson, c/o Associated Electrical Industries (Pakistan) Ltd., Post Box 
4958, Karachi 


QUEENSLAND 
J. S. Just, c/o Box 1067N, G.P.O., Brisbane 


RHODESIA 
A. B. Cowen, 0.B.E., P.O. Box 377, Salisbury 


SOUTH AUSTRALIA 
G. H. MACHIN, B.E., c/o The Electricity Trust of South Australia, Box 412c 
G.P.O., Adelaide 


SWITZERLAND 
L. W. Hayes, 0.B.£., 43 Quai Wilson, Geneva 








Oversea Representatives of the Council (continued) 


TRANSVAAL AND ORANGE FREE STATE 
A. W. LINEKER, B.SC., P.O. Box 7794, Johannesburg 


UNITED STATES OF AMERICA 
Hon. Secretary: R. H. BARcLay, = J. G. White Engineering Corporation, 
80 Broad Street, New York 4, N. ¥., A. 


VICTORIA AND TASMANIA 

Pror. C. E. MooRHOUSE, M.E.E., Department of Electrical Engineering, University 
of Melbourne, Carlton N. 2 Victoria 

Deputy Representative for Tasmania: H. P. TucK, M.E., B.SC., Associate Professor, 
University of Tasmania, Hobart, Tasmania 


WEST AFRICA 
J. Houston ANGus, Private Mail Bag 2031, Lagos, Nigeria 


WEST INDIES 
H. D. WALDEN, B.SC., Texaco Trinidad Inc., 6 Bon Accord Road, Point-a-Pierre, 
Trinidad 


WESTERN AUSTRALIA 


J. B. JUKES, B.E., The State Electricity Commission of Western Australia, Electricity 
House, 321 Murray Street, Perth 


Joint Oversea Groups 


ARGENTINA 

Chairman: T. B. GLOVER, M.1.MECH.E. 

Hon. Secretary and Treasurer: J. COMBES, A.M.I.C.E., c/o Percy Grant and Co., 
Calle Defensa 465, Buenos Aires, Argentina 


HONG KONG 

Chairman: G. B. GirrorD-HULL, M.1.C.E. 

Hon. Secretary and Treasurer: R. A. YOUNGER, A.M.1.MECH.E., Babcock and Wilcox 
Ltd., Alexandra House, Hong Kong 


MIDDLE EAST 
Chairman: L. J. COTTERILL, A.M.I.MECH.E., M.1.E.E. 
Hon. Secretary: D. W. PLatT, c/o Kuwait Oil Co. Ltd., Ahmadi, Kuwait, Arabia 


SINGAPORE/MALAYAN 

Chairman: S. E. JEWKES, 0.B.E. M.1.C.E., 

Hon. Secretary: T. CHURCHILL, A.M.1.MECH.E., Shell Co. of Singapore Ltd., P.O. 
Box 730, Shell House, Collyer Quay, Singapore 


TRINIDAD AND TOBAGO 
Chairman: D. D. ASH, M.1.C.E. 


Hon. Secretary: D. P. J. HOLBROOK, B.SC.(ENG.), A.M.LE.E., C/o Trinidad Oilfield 
Service Ltd., P.O. Box 69, San Fernando, Trinidad 


WEST AFRICA 

Chairman: Cor. E. H. Wetton BiGGs 

Hon. Secretary: J. MEADE, A.M.1.E.£., Headquarters, Posts and Telegraphs, Lagos 
Nigeria 


Graduate and Student Section 
Officers 


BRISTOL 

Chairman: D. J. MATTHEWS, B.SC. 

Hon. Secretary: J. Rose, Equipment Engineering Dept., Westinghouse Brake 
and Signal Co. Ltd., New Road, Chippenham, Wilts. 


CARDIFF 
Chairman: D. J. WiL.is 
Hon. Secretary: A. W. Hart, 5 Tennyson Avenue, Llanwern, Newport, Mon. 


EAST MIDLAND 

Chairman: R. M. LANGDALE 

Hon. Secretary: J. R. FRENCH, B.SC., Engineering Dept., Rotating Machines 
Division, Brush Electrical Engineering Co. Ltd., Loughborough 

IRISH BRANCH 

Chairman: A. E. MCCOLGAN 

Hon. Secretary: A. J. Durry, 32 Upper Baggot Street, Dublin 


LONDON 
Chairman: J. F. QUTRAM 
Hon. Secretary: F. P. Harwoop, 15 Upper Montagu Street, London W.1 


MERSEY AND NORTH WALES 
Chairman: D. W. HopKINSON 


Hon. Secretary: M. H. WALSHAW, B.SC.(ENG.), Electrical Engineering Dept., 
University of Liverpool, Brownlow Street, Liverpool 3 
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Graduate and Student Section Officers (continueg) 


NORTH-EASTERN 

Chairman: J. A. DENHAM, B.SC.(ENG.) 

Hon. Secretary: W. D. Coutts, c/o C. A. Parsons and Co. Ltd., Heaton We 
Newcastle upon Tyne 6 


NORTH MIDLAND 
Chairman: D. HARDY, B.SC. 
Hon. Secretary: G. W. GREEN, 28 Woodlea Street, Leeds 11 


NORTH SCOTLAND 

Chairman: J. C. EARLS, B.SC.(ENG.) 

Hon. Secretary: J. B. Izatt, B.sc., c/o Electrical Engineering Dept., 
Gordon’s Technica! College, Aberdeen 


NORTH STAFFORDSHIRE 

Chairman: R. B. LARKINSON, M.A. 

Hon. Secretary: D. J. ANDREWS, B.SC., Rectifier Sales Dept., The English B 
Co. Ltd., Stafford 


NORTH-WESTERN 

Chairman: N. SELLERS, M.SC. 

Hon. Secretary: D. F. Binns, M.sc., 14 Mauldeth Road, Withington, 
chester 20 


NORTHERN IRELAND 
Chairman: R. J. HENRY 
Hon. Secretary: H. MCK1LLEN, 54 Belvedere Park, Stranmillis, Belfast 


RUGBY 

Chairman: J. W. S. PAYNE, B.SC.(ENG.) 

Hon. Secretary: P. J. G. HETZEL, M.SC., c/o Research Laboratory, The Br 
Thomson-Houston Co. Lid., Rugby 


SHEFFIELD 

Chairman: E. F. F. GILLESPIE, M.ENG. 

Hon. Secretary: J. A. STANIFORTH, B.ENG., Electrical Engineering Dept, 
University, Mappin Street, Sheffield 1 


SOUTH-EAST SCOTLAND 
Chairman: I. R. HARRIS, B.A. 
Hon. Secretary: P. DANAHAY, 91 New Street, Musselburgh, Midlothian 


SOUTH MIDLAND 
Chairman: J. B. GOPSILL, B.SC. 
Hon. Secretary: J. M. HARVEY, B.SC.(ENG.), 159 Warwick Road, Coventry 


SOUTH-WEST SCOTLAND 

Chairman: R. M. RENNIE 
Hon. Secretary: C. GORDON, B.SC., Electrical Engineering Dept., Royal G 
of Science and Technology, West George Street, Glasgow 


SOUTHERN 
Chairman: R. J. BARNARD, B.SC. 
Hon. Secretary: A. R. Rosy, ‘The Firs’, Green Lane, Clanfield, Hants. 


TEES-SIDE 

Chairman: J. A. SMITH 

Hon. Secretary: L. M. ARROWSMITH B.SC., 51 Alverstone Avenue, West E 
pool, Co. Durham 


Local Honorary Treasurers of the 
Benevolent Fund 


East Midland Centre 

Irish Branch 

Mersey and North Wales Centre 
North-Eastern Centre 

North Midland Centre 

Sheffield Sub-Centre 
North-Western Centre 

North Lancashire Sub-Centre 
Northern Ireland Centre 
Scottish Centre 

North Scotland Sub-Centre 
South Midland Centre 

Rugby Sub-Centre 

Southern Centre 

Western Centre (Bristol) 
Western Centre (Cardiff) 

West Wales (Swansea) Sub-Centre 
South-Western Sub-Centre 


R. C, Woods 


F. Skipsey, B.Sc. 

C. Walton, Ph.D., 
Seddon 

. G. Taylor, B.Sc. (oy 
. K. Alston, B.Sc. Eng. 
H. Moir, J.P. 

. H. Dean, B.Sc.Tech. % 
. Philip 

apt. J. H. Patterson, RB. 
. G. Ross, B.Sc. ; 
. D. Arden 

. H. McQueen 

. W. S. Watt 

. J. Mayo 

. E. Johnson 
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